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® A rear wheel steering system for a vehicle in- 
cluding a yaw rate sensor for detecting the yaw rate 
of the vehicle and yaw rate feedback controller for 
controlling a steering angle of rear wheels so that a 
yaw rate detected by the yaw rate sensor is made 
equal to a target yaw rate, the rear wheel steering 
system further including a side slip angle calculator 
for estimating a side slip angle of the vehicle, a side 
slip angle controller for controlling the steering angle 
of the rear wheels to decrease an absolute value of 
the estimated side slip angle calculated by the side 
slip angle calculator and a fuzzy controller for con- 
trolling the steering angle of the rear wheels based 
on fuzzy control to decrease an absolute value of a 
rate of change in the detected yaw rate. This rear 
wheel steering system can control the steering angle 
of the rear wheels in a desired manner even when 
the lateral acceleration is high and the vehicle is 
turning sharply, and can improve driving stabHIly. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a rear wheel 
steering system for vehicle. 

5 

DESCRIPTION OF PRIOR ART 

There is known a vehicle rear wheel steering 
system which steers the rear wheels by a ratio to 
the steering angle of front wheels determined in lo 
accordance with the vehicle speed. 

In this kind of rear wheel steering system, it is 
possible to steer the rear wheels in the manner 
intended by a driver irrespective of the vehicle 
speed. However, the front wheels and the rear rs 
wheels are often steered in the same phase, name- 
ly. In the same direction with respect to the longitu- 
dinal direction of the vehicle in the transitional state 
immediately after the driver turns the steering 
wheel and. therefore, it is difficult to turn the ve- 20 
hide quickly in this transitional state. 

Japanese Patent Application Disclosure No. 
Hei 1262268 proposes a rear wheel steering sys- 
tem which controls the steering angle of the rear 
wheels by feedback control by calculating a target 25 
yaw rate of the vehicle based upon the steering 
angle of the steering wheel and causing the de- 
lected yaw rate of the vehicle become equal to the 
target yaw rate. 

However, since a vehicle is generally designed 30 
for improving driving stability a vehicle is generally 
designed to under-steer in a driving condition 
where the lateral acceleration is high, with this rear 
wheel steering system, the turning radius becomes 
great and the yaw rate is lowered under a sharp 35 
turning condition where the lateral acceleration is 
high and, in the case where the steering angle of 
the rear wheels is controlled so that the . detected 
yaw rate of the vehicle is made equal to the target 
yaw rate by a feedback control, the rear wheels 40 
tend to be steered in the reverse phase with re- 
spect to the front wheels, namely, in the opposite 
direction to the front wheels with respect to the 
longitudinal center line of the vehicle, whereby 
there arises a problem of the driving stability being 45 
lowered when any disturbing force acts on the 
vehicle. • 

SUMMARY OF THE INVENTION 

50 

It is, therefore, an object of the present inven- 
tion to provide a rear wheel steering system for a 
vehicle, which comprises turning state detecting 
means for physically detecting the turning state of 
the vehicle and feedback control means for control- 55 
ling the steering angle of the rear wheels based on 
feedback control so that a yaw rate detected by the 
turning state detecting means is made equal to a 



target yaw rate and which can control the steering 
angle of the rear wheels in a desired manner even 
when the lateral acceleration is high and the ve- 
hicle is turning sharply, and can improve driving 
stability. 

Another object of the present invention is to 
provide such a rear wheel steering system for a 
vehicle, which can control the steering angle of the 
rear wheels in a desired manner and Improve driv- 
ing stability without a large computer. 

The above and other objects of the present 
invention can be accomplished by a rear wheel 
steering system for a vehicle comprising turning 
state detecting means for physically detecting the 
turning state of the vehicle and yaw rate feedback 
control means for controlling the steering angle of 
the rear wheels so that a yaw rate detected by the 
turning state detecting means becomes equal to a 
target yaw rate, said rear wheel steering system 
further comprising a second rear wheel steering 
angle control means adapted for controlling the 
steering angle of the rear wheels based on a con- 
trol mode different from that of the yaw rate feed- 
back control means and a control mode selection 
means adapted for causing the second rear wheel 
steering angle control means to control the steering 
angle of the rear wheels when the vehicle is turning 
with a turning radius smaller than a first predeter- 
mined turning radius and causing the yaw rate 
feedback control means to control the steering 
angle of the rear wheels when the vehicle is turning 
with a turning radius equal to or greater than the 
first predetermined turning radius. 

In a preferred aspect of the present invention, 
said rear wheel steering system further includes 
side slip angle calculating means for estimating the 
value of the side slip angle of the vehicle and the 
second rear wheel steering angle control means is 
constituted as a side slip angle control means 
adapted for controlling the steering angle of the 
rear wheels so that the absolute value of the es- 
timated value of the side slip angle calculated by 
the side slip angle calculating means decreases. 

In another preferred aspect of the present in- 
vention, the second rear wheel steering angle con- 
trol means is constituted as a fuzzy control means 
adapted for controlling the steering angle of the 
rear wheels based on fuzzy control so as to. de- 
crease the absolute value of the rate of change in 
the detected yaw rate. 

In a further preferred aspect of the present 
invention, said rear wheel steering system further 
includes a third rear wheel steering angle control 
means adapted for controlling the steering angle of 
the rear wheels based upon a control mode dif- 
ferent from those. of the yaw rate feedback control 
means and the second rear wheel steering angle 
control means and the control -mode selection 
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means adapted for causing the second rear wheels 
steering angle control means to control the steering 
angle of the rear wheels when the vehicle is turning 
with a turning radius smaller than a first predeter- 
mined turning radius and greater than a second 
predetermined turning radius, causing the third rear 
wheel steering angle control means to control the 
steering angle of the rear wheels when the vehicle 
is turning with a turning radius equal to or smaller 
than the second predetermined turning radius and 
causing the yaw rate feedback control means to 
control the steering angle of the rear wheels when 
the vehicle is turning with a turning radius equal to 
or greater than the first predetermined turning ra- 
dius. 

In a further preferred aspect of the present 
invention, said rear wheel steering system further 
includes side slip angle calculating means for es- 
timating the value of the side slip angle of the 
vehicle and the second rear wheel steering angle 
control means is constituted as a side slip angle 
control means adapted for controlling the steering 
angle of the rear wheels so that the absolute value 
of the estimated value of the side slip angle cal- 
culated by the side slip angle calculating means 
and the third rear wheel steering angle control 
means Is constituted as a fuzzy control means 
adapted for controlling the steering angle of the 
rear wheels based on fuzzy control so as to de- 
crease the absolute value of the rate of change in 
the detected yaw rate. 

In a further preferred aspect of the present 
Invention, during control of the steering angle of the 
rear wheels by the second rear wheel steering 
angle control means or the third rear wheel steer- 
ing angle control means, once the absolute value of 
the detected yaw rate has begun to increase, when 
it has gone over the peak value thereof, the control 
mode selection means causes the yaw rate feed- 
back control means to control the steering angle of 
the rear wheels. 

In a further preferred aspect of the present 
invention, said rear wheel steering system further 
includes steering angle detecting means for detect- 
ing the steering angle of the steering wheel and the 
control mode selection means is adapted for caus- 
ing the yaw rate feedback control means to control 
the steering angle of the rear wheels, during control 
of the steering angle of the rear wheels by the 
second rear wheel steering angle control means or 
the third rear wheel steering angle control means, 
once the absolute value of the detected yaw rate 
has begun to increase, when it has gone over the 
peak value thereof and the sign of the rate of 
change in the steering angle of the steering wheel 
detected by the steering angle detecting means 
has been changed, the control mode selection 
means causes the yaw rate feedback control 



means to control the steering angle of the rear 
wheels. 

In a further preferred aspect of the present 
invention, during control of the steering angle of the 

5 rear wheels by the second rear wheel steering 
angle control means or the third rear wheel steer- 
ing angle control means, when the absolute value 
of the deviation between the detected yaw rate and 
the target yaw rate begins to decrease, the control 

10 mode selection means causes the yaw rate feed- 
back control means to control the steering angle of 
the rear wheels. 

In a further preferred aspect of the present 
Invention, in a case where the control of the steer- 

75 ing angle of the rear wheels is switched from one 
to another of the yaw rate feedback control means, 
the second rear wheel steering angle control 
means and the third rear wheel steering angle 
control means, when the amount of change In the 

20 steering angle of the rear wheels Is greater than a 
predetermined limit value, the control mode selec- 
tion means selects the one of the yaw rate feed- 
back control means, the second rear wheel steer- 
ing angle control means and the third rear wheel 

25 steering angle control means which will enable the 
amount of change In the steering angle of the rear 
wheels to become equal to the predetermined limit 
value. 

In a further preferred aspect of the present 

30 invention, said rear wheel steering system further 
Includes steering speed restricting means adapted 
for restricting the steering speed of the rear wheels 
so as to steer the rear wheels at a steering speed 
lower than a steering speed calculated by the yaw 

35 rate feedback control means, while the absolute 
value of the detected yaw rate is increasing, when 
the absolute value of a deviation between the de- 
tected yaw rate and the target yaw rate exceeds a 
predetermined value. 

40 In a further preferred aspect of the present 

invention, said rear wheel steering system further 
includes steering angle restricting means adapted 
for restricting the steering angle of the rear wheels 
so that the absolute value of the amount of steering 

45 of the rear wheels becomes maximum to decrease 
the detected yaw rate, while the absolute value of 
the detected yaw rate is increasing, when the ab- 
solute value of the deviation between the detected 
yaw rate and the target yaw rate exceeds a pre- 

50 determined value and the absolute value of the rate 
of change in the deviation exceeds a predeter- 
mined value. 

In a further preferred aspect of the present 
invention, said rear wheel steering system further 

55 includes function coi'recting means adapted for cor- 
recting a membership function of the fuzzy control 
means In accordance with the road surface con- 
ditions. 
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In a further preferred aspect of the present 
invention, said control mode selection means is 
constituted so that even when the steering angle of 
the rear wheels is to be controlled by the side slip 
angle control means. It prevents the side slip angle 5 
control means from controlling the steering angle of 
the rear wheels until the absolute value of the 
steering angle calculated by the side slip angle 
control means becomes equal to or greater than 
the absolute value of the steering angle of the rear w 
wheels calculated by the yaw rate feedback control 
means. 

In a further preferred aspect of the present 
invention, said control mode selection means is 
constituted so that when the control of the steering 75 
angle of the rear wheels Is switched from the yaw 
rate feedback control means to the side slip angle 
control means, it causes the side slip angle control 
means to start controlling the steering angle of the 
rear wheels by using the steering angle of the rear 20 
wheels calculated by the yaw rate feedback control 
means as an Initial value. 

In a further preferred aspect of the present 
invention, said rear wheel steering system further 
includes steering angle correcting means adapted 25 
for correcting the absolute value of the steering 
angle of the rear wheels calculated by the side slip 
angle control means so as to become greater when 
the absolute value of the rate of change in the side 
slip angle calculated by the side slip angle calculat- 3o 
Ing means is equal to or greater than a predeter- 
mined value and the sign of the rate of change in 
the side slip angle is the same as that of the 
calculated side slip angle. 

In a further preferred aspect of the present 35 
invention, said rear wheel steering system further 
Includes a steering angle sensor for detecting the 
steering angle of the steering wheel and the control 
mode selection means is adapted for causing the 
yaw rate feedback control means to control the 40 
steering angle of the rear wheels, when, during 
control of the steering angle of the rear wheels by 
the second rear wheel steering angle control 
means or the third rear wheel steering angle con- 
trol means, the steering wheel which was once 45 
turned in one direction has been turned In the other 
direction and the absolute value of the difference 
between the steering angle of the rear wheels 
calculated by the second rear wheel steering angle 
control means or the third rear wheel steering 50 
angle control means and that calculated by the yaw 
rate feedback control means has become equal to 
or smaller than a predetermined value. 

The above and other objects and features of 
the present invention will become apparent from 55 
the following description made with reference to 
the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Is a schematic drawing showing a 
plan view of a vehicle including a rear wheel steer- 
ing system for a vehicle which is an embodiment of 
the present invention. 

Figure 2 is a block diagram showing a control 
unit of a rear wheel steering system which is an 
embodiment of the present invention and a detec- 
tion system provided in a vehicle. 

Figure 3 is a flow chart showing an embodi- 
ment of the rear wheel steering angle control effec- 
ted by a control unit of a vehicle rear wheel steer- 
ing system. 

Figure 4 is a graph showing the relationship 
between a tire cornering force CP. and an absolute 
value of a estlnnated value of a side slip angle. 

Figure 5 is a flow chart showing another em- 
bodiment of the rear wheel steering angle control 
effected by a control unit of a vehicle rear wheel 
steering system. 

Figure 6 is a graph showing the relationship 
between a detected yaw rate and a target yaw rate, 
and a steering angle of front wheels and time. 

Figure 7 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by a control unit of a vehicle rear 
wheel steering system. 

Figure 8 is a graph showing the relationship 
between a limit value, a lateral acceleration GL and 
a road friction coefficient. 

Figure 9 Is a graph showing the relationship 
between a limit value, an absolute value of the rate 
of change In steering angle of front wheels and a 
road surface friction coefficient. 

Figure 10 is a block diagram showing a control 
unit of a rear wheel steering system which is an- 
other embodiment of the present invention and a 
detection system provided in a vehicle. 

Figure 11 Is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by the control unit shown In Figure 10. 

Figure 12 is a graph showing the relationship 
between a detected yaw rate and a target yaw rate, 
and a steering angle of front wheels and time. 

Figure 13 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by a control unit of a vehicle rear 
wheel steering system. 

Figure 14 is a graph showing the relationship 
between a detected yaw rate and a target yaw rate, 
and a steering angle of front wheels and time. 

Figure 1 5 is a block diagram showing a control 
unit of a rear wheel steering system which is a 
further embodiment of the present invention and a 
detection system provided in a vehicje. 

Figure 16 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
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trol effected by the control unit shown in Figure 15. 

Figure 17 is a flow chart showing a further 
embodinnent of the rear wheel steering angle con- 
trol effected by a control unit of a vehicle rear 
wheel steering system. 

Figure 18 is a block diagram showing a control 
unit of a rear wheel steering system which is a 
further embodiment of the present invention and a 
detection system provided in a vehicle. 

Figure 19 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by the control unit shown in Figure 18. 

Figure 20 is a block diagram showing a control 
unit of a rear wheel steering system which is a 
further embodiment of the present invention and a 
detection system provided in a vehicle. 

Figure 21 is a flow chart showing a further 
embodlrhent of the rear wheel steering angle con- 
trol effected by the control unit shown in Figure 20. 

Figure 22 is a block diagram showing a control 
unit of a rear wheels steering systenn which is a 
further embodiment of the present invention and a 
detection system provided in a vehicle. 

Figure 23 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by the control unit shown in Figure 22. 

Figure 24 is a flow chart showing a further 
embodiment of the rear wheel steering angle con- 
trol effected by a control unit of a vehicle rear 
wheel steering system. 

Figure 25 is a flow chart showing an example 
of a method for determining a value zO. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Figure 1 is a schematic drawing showing a 
plan view of a vehicle including a rear wheel steer- 
ing system which Is an embodiment of the present 
invention. 

Referring to Figure 1, the vehicle including the 
rear wheel steering system which is an embodi- 
ment of the present invention comprises a steering 
wheel 1. front wheel steering system 10 for steer- 
ing right and left front wheels 2, 2 in accordance 
with the operation of the steering wheel 1 and a 
rear wheel steering system 20 for steering right 
and left rear wheels 3, 3 in response to the steering 
of the front wheels 2, 2. 

The front steering system 10 is arranged in the 
widthwise direction of the vehicle and comprises a 
relay rod 13, the opposite end portions of which 
are connected with the right and left front wheels 2, 
2 via tie rods 11,11 and knuckle arms 12, 12 and a 
steering gear mechanism 14 in the form of a rack 
and pinion for moving the relay rod 13 in the right 
or left direction in synchronism with the operation 
of the steering wheel 1. The thus constituted front 



wheel steering system 10. steers the right and left 
front wheels 2, 2 in the direction corresponding to 
that in which the steering wheel 1 is turned and by 
an angle corresponding to the amount of the turn- 

5 ing of the steering wheel 1 . 

On the other hand, the rear wheels steering 
system 20 is arranged in the widthwise direction of 
the vehicle and comprises a relay rod 23, the 
opposite end portions of which are connected with 

10 the right and left rear wheels 3. 3 via tie rods 21 , 
21 and knuckle arms 22. 22, a motor 24, a steering 
gear mechanism 27 in the form of a rack and 
pinion driven by the motor 24 via a speed reducing 
mechanism 25 and a clutch 26 for moving the relay 

75 rod 23 in the right or left direction,, a centering 
spring 28 for biasing the relay rod 23 for locating It 
at its neutral position and a control unit 29 for 
controlling the operation of the motor 24 in accor- 
dance with driving conditions of the vehicle. The 

20 thus constituted rear wheel steering system 20 
steers the right and left front wheels 3, 3 in the 
direction corresponding to that of the operation of 
the steering wheel 1 and by an angle correspond- 
ing to the amount by which the steering wheel 1 is 

25 turned. 

Figure 2 is a block diagram showing a control 
unit 29 of a rear wheel steering system which is an. 
embodiment of the present invention and an asso- 
ciated detection system provided in the vehicle. 

30 Referring to Figure 2, the control unit 29 com- 

prises a yaw rate feedback control means 30, a 
side slip angle control means 31, a fuzzy control 
means 32. a control mode selection means 33 and 
a side slip angle calculating means 34 and receives 

35 detection signals from a vehicle speed sensor 40 
for detecting the vehicle speed V, a steering angle 
sensor 41 for detecting the steering angle of the 
steering wheel 1, namely, the steering angle Xf of 
the front wheels 2, 2. a yaw rate sensor 42 for 

40 detecting the yaw rate Y of the vehicle and a lateral 
acceleration sensor 43 for detecting the lateral ac- 
celeration GL acting on the vehicle. 

The yaw rate feedback control means 30 is 
constituted so as to calculate a target yaw rate Yo 

45 based upon the vehicle speed v input from the 
vehicle speed sensor 40 and the steering angle Xf 
of the front wheels 2. 2 input from the steering 
angle sensor 41, thereby to further calculate the 
deviation E between the target yaw rate Yp and the 

50 detected yaw rate Y input from the yaw rate sensor 
42. to calculate a yaw rate feedback value By using 
a l-PD control calculation formula stored therein In 
advance, and to output the thus calculated yaw rate 
feedback value Ry to the control mode selection 

55 means 33. Further, the yaw rate feedback control 
means 30 is constituted so that when a control 
effecting signal is input thereto from the control 
mode selection means 33. It outputs a yaw rate 
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feedback control signal to the motor 24, thereby 
controlling the steering angle Xr of the rear wheels 
3, 3 so as to make it equal to the yaw rate 
feedback amount Ry. 

The controt mode selection means 33 is con- 
stituted so as to calculate the rate of change dE in 
the deviation E between the target yaw rate Yo and 
the detected yaw rate Y based on the deviation E 
input from the yaw rate feedback control means 30 
so that when the absolute value of the deviation E 
is greater than a predetermined value EO and the 
absolute value of the rate of change dE in the 
deviation E is greater than a predetermined value 
dEO. namely, In an extremely sharp turning state. It 
outputs a control effecting signal to the fuzzy con- 
trol means 32. that when the absolute value of the 
deviation E is equal to or smaller than the predeter- 
mined value EO and the absolute value of the rate 
of change dE in the deviation E is equal to or 
smaller than the predetermined value dEO but the 
estinnated absolute value of a side slip angle z 
calculated by the side slip angle calculating means 
34 is greater than a predetermined value zO, name- 
ly, in the sharp turning state, it outputs a control 
effecting signal to the side slip angle control means 
31. and that in other states, namely, in normal 
turning state, it outputs a control effecting signal to 
the yaw rate feedback control means 30. 

The side slip angle control means 31 is con- 
stituted so that when the control effecting signal is 
input from the control mode selection means 33, it 
calculates a side slip angle control value Rz in 
accordance with a calculation formula stored there- 
in in advance and outputs a side slip angle control 
signal produced based upon the side slip angle 
control value Rz to the motor 24, thereby to control 
the steering angle Xr of the rear wheels 3, 3 so that 
the steering angle Xr(n) of the rear wheels 3, 3 is 
made equal to the side slip angle control value Rz 
and that the estimated absolute value of the side 
slip angle z calculated by the side slip angle cal- 
culating means 34 is reduced. 

The fuzzy control means 32 is constituted so 
that when the control effecting signal is input from 
the control mode selection means 33, it calculates 
the rate of change dY in the detected yaw rate Y 
based upon the detected yaw rate Input from the 
yaw rate sensor 42 and also calculates a fuzzy 
control value Rf In accordance with a calculation 
formula stored therein in' advance so as to output a 
fuzzy control signal produced based upon the 
fuzzy control value Rf to the motor 24. thereby 
controlling the steering angle Xr of the rear wheels 
3. 3 so that the steering angle Xr(n) of the rear 
wheels 3. 3 is made equal to the fuzzy control 
value Rf and that the rale of change dY In the 
detected yaw rate Y is reduced. 

The side slip angle calculating means 34 is 



constituted so as to estimate the value of the side 
slip angle z in accordance with the following for- 
mula (1) based upon the vehicle speed V detected 
by the vehicle speed sensor 40, the detected yaw 
5 rate Y detected by the yaw rate sensor 42 and the 
lateral acceleration GL detected by the lateral ac- 
celeration sensor 43 and output the estimated val- 
ue to the control mode selection means 33. 

w z(n) = 9.8x{GL(n)A/(n)}{Y(n)/57} + z(n-1). (1) 

In this formula, the symbol (n) indicates values 
in the current control cycle and the symbol (n-1) 
Indicates values in the preceding control cycle. 

75 Figure 3 Is a flow chart showing an embodi- 

ment of the steering angle control of rear wheels 3, 
3 effected by the thus constituted control unit 29 
and Figure 4 is a graph showing the relationship 
between the tire cornering force CP. and the es- 

20 timated absolute side slip angle. 

Referring to Figure 3, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40. the steering angle Xf(n) of 
the front wheels 2. 2 detected by the steering 

25 angle sensor 41, the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43. 

The yaw rate feedback control means 30 cal- 

30 culates a target yaw rate Yo(n) for the current 
control cycle based upon the vehicle speed V(n) 
Input from the vehicle speed sensor 40 and the 
steering angle Xf(n) of the front wheels 2, 2 input 
from the steering angle sensor 41 in accordance 

35 with the following fornnula (2). 

Yo(n) = V{n)/{1 + Ax V(n)2}xXf(n)/L (2) 

In this formula, A is a stability factor and L is 
40 the wheel base. 

The yaw rate feedback control means 30 cal- 
culates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y(n) input from the yaw rate sensor 42 in 
45 accordance with the following formula (3). 

E(n) .= Yo(n)- Y(n) (3) 

Further, the yaw rate feedback control means 
so 30 calculates a yaw rate feedback control value 
Ry(n) for the current control cycle In accordance 
with the following formula (4). 

Ry(n) = Ry(n-I) - [KlxE(n) - FPx{Y(n) - Y(n-1» 
55 -FDx{Y(n)-2xY(n-1) + Y(n-2)1 (4) 

In this formula, Kl is a integration constant. FP 
is a proportion 'Constant. FD is a differentiation 
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constant and Ry(n-1) is the yaw rate feedback 
control amount in the preceding control cycle, Y(n- 
1) is the detected yaw rate in the preceding control 
cycle and Y(n-2) is the detected yaw rate in the 
control cycle before last. 

The thus calculated yaw rate feedback control 
amount Ry(n) and deviation E(n) are output to the 
control mode selection means 33. The control 
mode selection means 33 calculates the rate of 
change dE(n) in the deviation E(n) and judges 
whether or not the absolute value of the deviation 
E(n) is greater than a predetermined value EO and 
the absolute value of the rate of change dE(n) in 
the deviation E(n) is greater than a predetermined 
value dEO. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 
E(n) Is greater than a predetermined value EO and 
the absolute value of the rate dE(n) of change in 
the deviation E(n) is greater than a predetermined 
value dEO, it can be considered that the vehicle is 
being driven in a state corresponding to the area 
53 in Figure 4. !n this area, the vehicle is being 
turned extremely sharply and there Is a consider- 
able risk of excessive oversteering. meaning that 
the driving conditions of the vehicle Is unstable. 
Therefore, it is extremely difficult to control the 
steering angle Xr(n) of the rear wheels 3, 3 is 
controlled by the yaw rate feedback control means 
30 so as to follow the change in the yaw rate of the 
vehicle without a large computer which can make 
calculations extremely quickly. On the other hand, 
it is also extremely impractical to equip the vehicle 
with such a large computer from the viewpoint of 
cost and space. So, according to this embodiment, 
in this turning state, the control mode selection 
means 33 outputs a control effecting signal to the 
fuzzy control means 32 for controlling the steering 
angle Xr(n) of the rear wheels 3. 3 based on the 
fuzzy control calculation. 

'When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 
lection means 33. it calculates the rate of change 
dY(n) in the detected yaw rate Y(n) based upon the 
detected yaw rate input from the yaw rate sensor 
42 and further calculates a fuzzy control value Rf{n) 
based on a membership function which is experi- 
mentally determined so as to reduce the absolute 
value of the rate of change in the detected yaw 
rate Y(n) and which depends on the deviation E(n) 
and the rate of change dE(n) In accordance with 
the following formula (5). 

Rf(n) = f(E(n), dE(n)) (5) 

Then, the fuzzy control means 32 outputs a 
fuzzy control signal to the motor 24, thereby con- 
trolling the steering angle Xr(n) off the rear wheels 



3. 3 so that the steering angle Xr(n) of the rear 
wheels 3, 3 is made equal to the fuzzy control 
value Rf(n) and the absolute value of the rate of 
change in the detected yaw rate Y(n) is reduced. 

5 On the contrary, when the absolute value of the 

deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 
than a predetermined value dEO, the control mode 

10 selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

15 When the result of this judgment is YES. 

namely, when the absolute value of the estimated 
value z(n) of the side slip angle is greater than a 
predetermined value zO, it can be considered that 
the vehicle Is being driven in a state corresponding 

20 to the area S2 in Figure 4. In this area, the vehicle 
Is being sharply turned with large lateral accelera- 
tion GL(n) and considerable tire slipping in the 
lateral direction, whereby the turning radius be- 
comes larger and the yaw rate Y(n) is lowered. 

26 Therefore, If the steering angle Xr(n) of the rear 
wheels 3, 3 is controlled by the yaw rate feedback 
control means 30. the rear wheels 3, 3 will be 
steered in the reverse phase with respect to that of 
the steering angle Xf(n) of the front wheels 2. 2, 

30 namely, in the opposite direction to that of the front 
wheels 2, 2 with respect to the longitudinal center 
line of the vehicle, whereby there is some risk of 
the driving stability being lowered. On the other 
hand, since the driving condition is not so unstable 

35 as to make it necessary to control the steering 
angle Xr(n) of the rear wheels 3, 3 based on the 
fuzzy control, the control mode selection means 33 
outputs a control effecting signal to the side slip 
angle control means 31 , thereby to cause the side 

40 slip angle control means 31 to control the steering 
angle Xr(n) of the rear wheels 3, 3.- 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33, it calculates the side 

45 slip angle control value Rz(n) in accordance with 
the following formula (6) and outputs a side slip 
angle control signal to the motor 24 so as to make - 
the steering angle Xr(n) of the rear wheels 3, 3 
become equal to the side slip angle control value 

50 R2(n), thereby to reduce the absolute value of the 
estimated value 2(n) of the side slip angle. 

Rz{n) = k1xz(n) (6) 

55 In this formula. k1 is a control constant and 

positive. Therefore, the side slip angle control value 
Rz(n) increases with the estimated value z(n) of the 
side slip angle and. as a result, since the greater 
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the estimated value z(n) of the side slip angle is, 
the more the rear wheels 3. 3 are steered in the 
same phase as that of the front wheels 2, 2, it is 
possible, in the state where the turning radius is 
great and the yaw rate Y(n) is low, to prevent the 
rear wheels 3, 3 from being steered in the reverse 
phase with respect to that of the front wheels 2, 2 
and to reliably prevent the driving stability from 
being lowered. 

On the contrary, when the estimated absolute 
value z(n) of the side slip angle is not greater than 
the predeternnined value zO, since it can be consid- 
ered that the vehicle is being driven in a state 
corresponding to the area 51 shown in Figure 4 
where the cornering force C.F. is substantially pro- 
portional to the estimated absolute value z{n) of the 
side slip angle and that the driving condition is 
stable, the control mode selection means 33 out- 
puts a control effecting signal to the yaw rate 
feedback control means 30. 

When the yaw rate feedback control means 30 
receives the control effecting signal from the con- 
trol mode selection means 33. it outputs a yaw rate 
feedback control signal to the motor 24, thereby 
controlling the steering angle Xr(n) of the rear 
wheels 3. 3 for making it become equal to the yaw 
rate feedback control value Ry(n). 

The above described control is repeated at 
predetermined time intervals and the rear wheels 3. 
3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3, 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area Si so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1 , it is possible to steer 
the rear wheels 3. 3 in a desired manner. On the 
other hand, since the rear wheels 3, 3 are steered 
by the side slip angle control means 31 in the state 
where the estimated absolute value z(n) of the side 
slip angle is greater than the predetermined value 
zO and the vehicle is being sharply turned and 
subjected to a large lateral acceleration GL<n), in 
such a manner that the greater the estimated ab- 
solute value 2(n) of the side slip angle is. the more 
the rear wheels 3, 3 are steered in the same phase 
as that of the front wheels 2, 2, namely, in the 
same direction as that of the front wheels 2, 2 with 
respect to the longitudinal center line of the ve- 
hicle, it is possible to prevent the rear wheels 3. 3 
from being steered in the reverse phase with re- 
spect to that of the front wheels 2. 2 by the yaw 
rate feedback control means 30 and to prevent the 
driving stability from being lowered. Furthermore. 
In the state corresponding to the area S3 where the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 



(n) is greater than the predetermined value EO and 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO, in other 
words, when the vehicle is turning extremely sharp- 

5 ly and there is considerable risk of excessive over- 
steering, since the rear wheels 3, 3 are steered by 
the fuzzy control means 32 so as to reduce the 
rate of change dY(n) in the detected yaw rate Y(n). 
it is possible to improve the driving stability even in 

10 this unstable state without a large computer. 

Figure 5 is a flow chart showing another em- 
bodiment of the steering angle control of the rear 
wheels effected by the control unit shown In Figure 
2. 

15 In the embodiment shown in Figure 5, even 

when the steering angle Xr(n) of the rear wheels 3, 
3 should be controlled by the side slip angle con- 
trol means 31 or the fuzzy control means 32, if it is 
considered that the yaw rate feedback control 

20 would be started in a short time, the control mode 
selection means 33 immediately causes the yaw 
rate feedback control means 30 to start controlling 
the steering angle Xr(n) of the rear wheels 3, 3 for 
ensuring that the control means for controlling the 

25 steering angle Xr(n) of the rear wheels 3. 3 can be 
smoothly switched from the side slip angle control 
means 31 or the fuzzy control means 32 to the yaw 
rate feedback control means 30. Therefore, in this 
embodiment, when the control mode selection 

30 means 33 judges that the steering angle Xr(n) of 
the rear wheels 3, 3 should be controlled by the 
side slip angle control means 31 or the fuzzy 
control means 32, it further judges whether or not 
the absolute value of the detected yaw rate Y(n) in 

35 the current control cycle is smaller than the ab- 
solute value of the detected yaw rate Y(n-1) in the 
preceding control cycle and whether or not the sign 
of the rate of change in the steering angle of the 
steering wheel 1 has changed and causes the side 

40 slip angle control means 31 or the fuzzy control 
means 32 to control the steering angle Xr(n) of the 
rear wheels 3, 3 when the result is NO, whereas it 
causes the yaw rate feedback control means 30 to 
control the steering angle Xr(n) of the rear wheels 

45 3. 3 when the result is YES. 

More specifically, in the flow chart shown in 
Figure 5. when the control mode selection means 
33 judges that the absolute, value of the deviation 
E(n) is greater than the predetermined value EO 

50 and the rate of change dE(n) in the deviation E(n) 
is greater than the predetermined value dEO, it can 
be considered that the vehicle is being * driven 
under the state corresponding to the area 54 in 
Figure 4, namely, that the vehicle Is turning ex- 

55 tremely sharply and that there is a considerable 
risk of excessive oversteering. Normally, the steer- 
ing angle Xr(n} of the rear wheels 3, 3 should be 
controlled by the fuzzy control means 32 in this 
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state. However, even If the steering angle Xr(n) of 
the rear wheels 3, 3 should be controlled by the 
fuzzy control nneans 32. when the steering wheel 1 
has been turned back so that the yaw rate feed- 
back control would be started in a short time, if the 5 
fuzzy control should be effected, the rear wheels 3, 
3 once steered in the same phase as that of the 
front wheels 2, 2 would suddenly be steered in the 
reverse phase with respect to the that of the front 
wheels 2, 2 when the control means for controlling ;o 
the steering angle Xr(n) of the rear wheels 3, 3 is 
changed from the fuzzy control means 32 to the 
yaw rate feedback means 30 and there would be a 
considerable risk of the driving stability being 
lowered. Therefore, the control mode selection is 
means 33 further judges whether or not the yaw 
rate feedback control will be started in a short time 
without outputting a control effecting signal to the 
fuzzy control means 32. For this purpose, the con- 
trol mode selection means 33 judges whether or 20 
not the absolute value of the detected yaw rate Y- 
(n) in t he current control cycle is smaller than, the 
absolute value of the detected yaw rate Y(n-1) In 
the preceding control cycle and whether or not the 
sign of the rate of change In the steering angle of 25 
the steering wheel 1 has changed, namely, whether 
the absolute value of the steering angle Xf(n) of the 
front wheels 2. 2 in the current control cycle is 
smaller than the absolute value of the steering 
angle Xf(n-I) of the front wheels 2. 2 in the preced- 30 
ing control cycle. In other words, when the de- 
tected yaw rate Y(n) has gone over its peak value 
Ymax as shown in Figure 6 and the absolute value 
of the steering angle Xf(n) of the front wheels 2, 2 
in the current control cycle is smaller than the 35 
absolute value of the steering angle Xf(n-I) of the 
front wheels 2, 2 in the preceding control cycle, it 
can be considered that the deviation E(n) between 
the detected yaw rate Y(n) and the target yaw rate 
Yo(n) is lowering as a result of the steering wheel 1 40 
having been turned back and that this shows that 
the control means for controlling the steering angle 
Xr{n) of the rear wheels 3, 3 will be changed from 
the fuzzy control means 32 to the yaw rate feed- 
back means 30 in a short time. Therefore, since for 45 
improving the driving stability, It is better to control 
the steering angle Xr(n) of the rear wheels 3, 3 by 
the yaw rate feedback control than the fuzzy con- 
trol since this makes it possible to prevent the 
steering angle Xr{n) of the rear wheels 3, 3 from so 
being suddenly changed when the control means 
for controlling the steering angle Xr(n) of the rear 
wheels 3, 3 is changed from the fuzzy control 
means 32 to the yaw rate feedback means 30 and 
to prevent the driving stability from being lowered, ss 
the control mode selection means 33 outputs a 
control effecting signal to the yaw rate feedback 
control means 30 so that the steering angle Xr(n) of 



the rear wheels 3, 3 is controlled by the yaw rate 
feedback control means 30. 

On the contrary, when the absolute value of the 
detected yaw rate Y{n) in the current control cycle 
is not smaller than the absolute value of the de- 
tected yaw rate Y(n-1) in the preceding control 
cycle or when the absolute value of the steering 
angle Xf(n) of the front wheels 2, 2 in the current 
control cycle is not smaller than the absolute value 
of the steering angle Xf(n-I) of the front wheels 2, 
2 in the preceding control cycle, since it cannot be 
considered that the control means for controlling 
the steering angle Xr(n) of the rear wheels 3. 3 will 
be changed from the fuzzy control means 32 to the 
yaw rate feedback means 30 in a short time, the 
control mode selection means 33 outputs a control 
effecting signal to the fuzzy control means 32. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 
lection means 33, it calculates the rate of change 
dY(n) in the detected yaw rate Y(n) based upon the 
detected yaw rate input from the yaw rate sensor 
42 and further calculates a fuzzy control value Rf(n) 
based on a membership function which is experi- 
mentally determined so as to reduce the absolute 
value of the rate of change dY(n) in the detected 
yaw rate Y(n) and which depends upon the de- 
viation E(n) and the rate of change dE{n) in accor- 
dance with the formula (5). 

Then, the fuzzy control means 32 outputs a 
fuzzy control signal to the motor 24, thereby con- 
trolling the steering angle Xr(n) of the rear wheels 
3, 3 so that the steering angle Xr(n) of the rear 
wheels 3, 3 is made equal to the fuzzy, control 
value Rf(n) and the rate of change in the detected 
yaw rate Y(n) Is reduced. 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetermined 
value EG or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 
than a predetermined value dEO, the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z<n) of the. 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

When the result of this judgment is YES. simi- . 
larly to the previous embodiment, it is- judged that 
the steering angle Xr(n) of the rear wheels 3. 3 
should be controlled by the side slip angle control 
means 31 . 

However, even though the steering angle Xr(n) 
of the rear wheels 3. 3 should be controlled by the 
side slip angle control means 31, if the steering 
wheel 1 has been turned back, the yaw rate feed- 
back control would be started in a short time after 
the side slip angle control was effected. As a result, 
the rear wheels 3. 3 once steered in the same 
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phase as that of the front wheels 2, 2 would sud- 
denly be steered in the reverse phase with respect 
to the that of the front wheels 2, 2 when the control 
means for controlling the steering angle Xr(n) of the 
rear wheels 3, 3 Is changed from the side slip 
angle control means 31 to the yaw rate feedback 
means 30 and there would be a considerable risk 
of the driving stability being lowered. Therefore, Ihe 
control mode selection means 33 further judges 
whether or not the yaw rate feedback control will 
be effected in a short time without outputting a 
control effecting signal to the side slip angle control 
means 31. For this purpose, the control mode 
selection means 33 judges whether or not the 
absolute value of the detected yaw rate Y(n) In the 
current control cycle is smaller than the absolute 
value of the detected yaw rate Y(n-l) in the pre- 
ceding control cycle and whether or not the sign of 
the rate of change in the steering angle of the 
steering wheel 1 has changed, namely, whether the 
absolute value of the steering angle Xf(n) of the 
front wheels 2, 2 in the current control cycle Is 
smaller than the absolute value of the steering 
angle Xf{n-1) of the front wheels 2, 2 in the preced- 
ing control cycle. Referring to Figure 6. when the 
detected yaw rate Y(n) has gone over its peak 
value Ymax and the absolute value of the steering 
angle Xf(n) of the front wheels 2, 2 in the current 
control cycle Is smaller than the absolute value of 
the steering angle Xf(n-I) of the front wheels 2, 2 in 
the preceding control cycle, it. can be considered 
that the deviation E(n) between the detected yaw 
rate Y(n) and the target yaw rate Yo(n) is lowering 
as a result of the steering wheel 1 having been 
turned back and that this shows that the control 
means for controlling the steering angle Xr(n) of the 
rear wheels 3, 3 will be changed from the side slip 
angle control means 31 to the yaw rate feedback 
means 30 in a short time. Therefore, since for 
improving the driving stability, it is better to control 
the steering angle Xr(n) of the rear wheels 3, 3 by 
the yaw rate feedback control based upon the 
actual detected value than the side slip angle con- 
trol based upon the estimated value z(n) of the side 
slip angle which is not necessarily accurate since 
this makes it possible to prevent the steering angle 
Xr(n) of the rear wheels 3, 3 from being suddenly 
and greatly changed when the control means for 
controlling the steering angle Xr(n) of the rear 
wheels 3, 3 is changed from the side slip angle 
control means 31 to the yaw rate feedback means 
30 and to prevent the driving stability from being 
lowered, the control mode selection means 33 out- 
puts a control effecting signal to the yaw rate 
feedback control means 30 -so that the steering 
angle Xr<n) of the rear wheels 3, 3 is controlled by 
the yaw rate feedback control means 30. 

On the contrary, when the absolute value of the 



detected yaw rate Y{n) in the current control cycle 
is not smaller than the absolute value of the de- 
tected yaw rate Y(n-1) in the preceding control 
cycle or when the absolute value of the steering 
5 angle Xf(n) of the front wheels 2. 2 in the current 
control cycle is not smaller than the absolute value 
of the steering angle Xf(n-I) of the front wheels 2, 

2 in the preceding control cycle, since it cannot be 
considered that the control means for controlling 

10 the steering angle Xr{n) of the rear wheels 3, 3 will 
be changed from the fuzzy control means 32 to the 
yaw rate feedback means 30 in a short time, the 
control mode selection means 33 outputs a control 
effecting signal to the side slip angle control means 

15 31. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33. similarly to the 
previous embodirnent. it calculates the side slip 

20 angle control value Rz(n) in accordance with the 
formula <6) and outputs a side slip angle control 
signal to the motor 24 so that the steering angle 
Xr<n) of the rear wheels 3. 3 is made equal to the 
side slip angle control value Rz(n) and the estlma- 

25 tion value of the side slip angle z(n) is reduced. 
Therefore, in the state where the turning radius of 
the vehicle is large and the yaw rate Y{n) is low, it 
Is possible to prevent the rear wheels 3, 3 from 
being steered in the reverse phase with respect to 

30 that of the front wheels 2, 2 and reliably prevent 
the driving stability from being lowered. 

On the contrary, when the absolute value of the 
estimation value 2(n) of the side slip angle is not 
greater than the predetermined value zO, since it 

35 can be considered that the vehicle is being driven 
in a state corresponding to the area St shown in 
Figure 4 where the cornering force C.F. is substan- 
tially proportional to the estimated absolute value z- 
(n) of the side slip angle and that the driving 

40 condition is stable, the control mode selection 
means 33 outputs a control effecting signal to the 
yaw rate feedback control means 30. 

When the yaw rate feedback control means 30 
receives the control effecting signal from the con- 

45 trol mode selection means 33, it outputs a yaw rate 
feedback control signal to the motor 24, thereby 
controlling the steering angle Xr{n) of the rear 
wheels 3, 3 to make it equal to the yaw rate 
feedback control value Ry(n). 

50 The above described control is repeated at 

predetermined time intervals and the rear wheels 3, 

3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3. 3 are steered by the yaw rate feedback 
55 control means 30 in the stable driving state cor- 
responding to the area SI so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering • 

10 
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angle of the steering wheel 1 , it is possible to steer 
the rear wheels 3, 3 in a desired manner. On the 
other hand, since the rear wheels 3. 3 are steered 
by the side slip angle control means 31 in the state 
where the estimated absolute value z(n) of the side 
slip angle is greater than the predetermined value 
zO and the vehicle Is being sharply turned and 
subjected to a large lateral acceleration GL(n), in 
such a manner that the greater the estimated ab- 
solute value 2(n) of the side slip angle is, the more 
the rear wheels 3. 3 are steered in the same phase 
as that of the front wheels 2, 2. namely, in the 
same direction as that of the front wheels 2, 2 with 
respect to the longitudinal center line of the ve- 
hicle, it is possible to prevent the rear wheels 3, 3 
from being steered in the reverse phase with re- 
spect to that of the front wheels 2, 2 by the yaw 
rate feedback control means 30 and to prevent the 
driving stability from being lowered. Furthermore, 
in the state corresponding to the area S3 where the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 
(n) is greater than the predetermined value EO and 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO. in other 
words, when the vehicle is turning extremely sharp- 
ly and there is considerable risk of excessive over- 
steering, since the rear wheels 3, .3 are steered by 
the fuzzy control means 32 so as to reduce the 
rate of change dY(n) in the detected yaw rate Y(n), 
it is possible to improve the driving stability even' in 
this unstable state without a large computer. More- 
over, even in the case where it is judged that the 
steering iangle Xr(n) of the rear wheels 3. 3 should 
be effected, when the absolute value of the de- 
tected yaw rate Y(n) in the current control cycle is 
smaller than the absolute value of the detected yaw 
rate Y{n-1) in the preceding control cycle and the 
absolute value of the steering angle Xf(n) of the 
front wheels 2. 2 in the current control cycle is 
smaller than the absolute value of the steering 
angle Xf(n-l) of the front wheels 2, 2 in the preced- 
ing control cycle, it can be considered that since 
the steering wheel i once turned in one direction 
has been turned back in the other direction, the 
deviation E(n) between the detected yaw rate Y(n) 
and the target yaw rate Yo(n) is decreasing and 
that this means that the control means for control- 
ling the steering angle Xr{n) of the rear wheels 3, 3 
will be changed from the fuzzy control means 32 or 
the side slip angle control means 31 to the yaw 
rate feedback control means 30 in a short time. 
Therefore, although the fuzzy control or the side 
slip angle control should be effected, since the 
control mode selection means 33 causes the yaw 
rate feedback control means 30 to start controlling 
the steering angle Xr(n) of the rear wheels 3, 3 
based on the actually detected value without out- 



putting a control effecting signal to the fuzzy con- 
trol means 32 or the side slip angle control means 
31, it is possible to improve the driving stability and 
prevent the steering angle Xr(n) of the rear wheels 

5 3, 3 from being suddenly changed when the control 
means for controlling the steering angle Xr(n} of the 
rear wheels 3, 3 is changed from the fuzzy control 
means 32 or the side slip angle control means 31 
to the yaw rate feedback control means 30, thereby 

70 to prevent the driving stability from being lowered 
on changing the control means. 

Figure 7 is a flow chart showing a further 
embodiment of the steering angle control of rear 
wheels effected by the control unit off the rear 

75 wheel steering system. 

The embodiment shown in Rgure 7 prevents 
the steering angle Xr(n) of the rear wheels 3, 3 
from being greatly changed when the control 
means for controlling the steering angle Xr(n) of the 

20 rear wheels 3. 3 is changed. 

In this embodiment, the control mode selection 
means 33 is constituted so that when it changes 
the control means for controlling the steering angle 
Xr(n) of the rear wheels 3. 3 from the yaw rate 

25 feedback control means 30 to the fuzzy control 
means 32, from the side slip angle control means 
31 to the fuzzy control means 32, from the side slip 
angle control means 31 to the yaw rate feedback 
control means 30, from the fuzzy control means 32 

30 to the yaw rate feedback control means 30, or from 
the fuzzy control means 32 to the side slip angle 
control means 31. it outputs a first control signal 
together with a control effecting signal to the con- 
trol means which is to control the steering angle 

35 Xr(n) of the rear wheels 3, 3 and that, on the other 
hand, when the control mode selection means 33 
changes the control means for controlling the steer- 
ing angle Xr(n) of the rear wheels 3, 3 from the 
yaw rate feedback control means 30 to the side 

40 slip angle control means 31, it outputs a second 
control signal together with a control effecting sig- 
nal to the side slip angle control means 31. 

The yaw rate feedback control means 30 is 
constituted so that when it receives only a control 

45 effecting signal from the control mode selection 
means 33, it produces the yaw rate feedback con- 
trol signal and outputs it to the motor 24 so that the 
' ■ steering angle Xr(n) of the rear wheels 3, 3 can be 
controlled so as to become equal to the yaw rate 

50 feedback control value Ry(n) and that, on the other 
hand, when it receives the first control signal to- 
gether with the control effecting signal, it judges 
whether or not the absolute value of the difference 
between the steering angle Xr(n) calculated in the. 

55 current control cycle, namely, the yaw rate feed- 
back control value Ry(n), and the steering angle Xr- 
<n-1 ) in the preceding control cycle is greater than 
a first limit value XrL1(n), in other words, whether 
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or not the amount of change in the steering angle 
Xr of the rear wheels 3. 3 between the preceding 
control cycle and the current cycle is greater than 
the first limit value. When the absolute value of the 
difference between the steering angle Xr(n) cal- 
culated in the current control cycle and the steering 
angle Xr(n-I) in the preceding control cycle is not 
greater than the first limit value XrL1(n). the yaw 
rate feedback control means 30 produces the yaw 
rate feedback control signal and outputs it to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3. 3 can be controlled so as to become 
equal to the yaw rate feedback control value Ry<n) 
calculated In the current control cycle and, on the 
contrary, when the absolute value of the difference 
between the steering angle Xr(n) calculated In the 
current control cycle and the steering angle Xr(n-I) 
in the preceding control cycle is greater than the 
first limit value XrL1(n). the yaw rate feedback 
control means 30 produces the yaw rate feedback 
control signal and outputs it to the motor 24 so that 
the steering angle Xr(n) of the rear wheels 3, 3 can 
be controlled in such a manner that the amount of 
chahge in the steering angle Xr(n) of the rear 
wheels 3. 3 between the current control cycle and 
the preceding control cycle becomes equal to the 
first limit value XrL1(n). 

The side slip angle control means 31 is con- 
stituted so that when it receives only a control 
effecting signal from the control mode selection 
means 33. It produces the side slip angle control* 
signal and outputs it to the motor 24 so that the 
steering angle Xr(n) of the rear wheels 3. 3 can be 
controlled so as to become equal to the side slip 
angle control value R2(n) calculated based upon 
the formula (6) stored therein and that, on the other 
hand, when it receives the first control signal to- 
gether with the control effecting signal, it judges 
whether or not the absolute value of the difference 
between the steering angle Xr(n) calculated in the 
current control cycle, namely, the side slip angle 
control value Rz(n), and the steering angle Xr(n-I) 
in the preceding control cycle is greater than a first 
limit value XrLl(n), in other words, whether or not 
the amount of change in the steering angle Xr of 
the rear wheels between the preceding control cy- 
cle and the current cycle is greater than the first 
limit value. When the absolute value of the dif- 
ference between the steering angle Xr(n) calculated 
In the current control cycle and the steering angle 
Xr(n-I) in the preceding control cycle is not greater 
than the first limit value XrLl (n), the side slip angle 
control means 31 produces the side slip angle 
control signal and outputs it to the motor 24 so that 
the steering angle Xr(n) of the rear wheels 3. 3 can 
be controlled so as to become equal to the side 
slip angle control value Rz(n) calculated in the 
current control cycle and. on the contrary, when 



the absolute value of difference between the steer- 
ing angle Xr(n) calculated in the current control 
cycle and the steering angle Xr{n-l) in the preced- 
ing control cycle is greater than the first limit value 

5 XrL1(n). the side slip angle control means 31 pro- 
duces the side slip angle control signal and outputs 
it to the motor 24 so that the steering angle Xr(n) of 
the rear wheels 3, 3 can be controlled In such a 
manner that the amount of change in the steering 

10 angle Xr(n) of the rear wheels 3, 3 t)8tween the 
current control cycle and the preceding control 
cycle becomes equal to the first limit value XrLI- 
(n). Further, when the side slip angle control means 
31 receives a second control signal from the con- 

75 trol mode selection means 33, it judges whether or 
not the absolute value of the difference between 
the steering angle Xr(n) calculated in the current 
control cycle and the steering angle Xr(n-l) In the 
preceding control cycle is greater than a second 

20 limit value Xr\J2{n) which is smaller than the first 
limit value XrL1(n). When the side slip angle con- 
trol means 31 judges that the absolute value of the 
difference between . the steering angle Xr(n) cal- 
culated in the current control cycle and the steering 

25 angle Xr(n-I) In the preceding control cycle is not 
greater than a second limit value XrL2(n), it pro- 
duces the side slip angle control signal and outputs 
it to the motor 24 so that the steering angle Xr(n) of 
the rear wheels 3, 3 can be controlled so as to 

30 become equal to the side slip angle control value 
R2(n) calculated in the current control cycle and, 
on the contrary, when the absolute value of the 
difference between the steering angle Xr(n) cal- 
culated in the current control cycle and the steering 

35 angle Xr(n-I) In the preceding control cycle is 
greater than a second limit value XrL2(n), the side 
slip angle control means 31 produces the side slip 
angle control signal and outputs it to tfie motor 24 
so that the steering angle Xr(n) of the rear wheels 

40 3, 3 can be controlled in such a manner that the 
amount of change in the steering angle Xr(n) of the 
rear wheels 3. 3 between the current control cycle 
and the preceding control cycle becomes equal to 
the second limit value XrL2(n). 

45 The fuzzy control means 32 is constituted so 

that when it receives only a control effecting signal 
from the control mode selection means 33, it pro- 
duces a fuzzy control signal arid outputs it to the 
motor 24 so that the steering angle Xr(n) of the 

so rear wheels 3, 3 can be controlled so as to become 
equal to the fuzzy control value Rf(n) calculated in 
accordance with the formula (5) and that, on the 
other hand, when it receives the first control signal 
together with the control effecting signal, it judges 

55 whether or not the absolute value of the difference 
between the steering angle Xr(n) calculated in the 
current control cycle, namely, the fuzzy control 
value Rf(n). and the steering angle Xr(n-I) in the 
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preceding control cycle is greater than a first limit 
value XrLl(n), in other words, whether or not the 
amount of change in the steering angle Xr of the 
rear wheels between the preceding control cycle 
and the current cycle is greater than the first linnit 
value. When the absolute value of the difference 
between the steering angle Xr(n) calculated in the 
current control cycle and the steering angle Xr(n-I) 
in the preceding control cycle is not greater than a 
first limit value XrL1(n), the fuzzy control means 32 
produces the fuzzy control signal and outputs it to 
the motor 24 so that the steering angle Xr(n) of the 
rear wheels 3, 3 can be controlled so as to becorne 
equal to the fuzzy control value Rf(n) calculated in 
the current control cycle and. on the contrary, 
when the absolute value of the difference between 
the steering angle Xr(n) calculated in the current 
control cycle and the steering angle Xr(n-I) In the 
preceding control cycle is greater than the first linnit 
value XrL1(n), the fuzzy control means 32 produces 
the fuzzy control signal and outputs it to the motor 
24 so that the steering angle Xr(n) of the rear 
wheels 3, 3 can be controlled in such a manner 
that the amount of change in the steering angle Xr- 
(n) of the rear wheels 3, 3 between the current 
control cycle and the preceding control cycle be- 
comes equal to the first limit value XrL1(n). 

The side slip angle calculating means 34 is 
constituted, similarly to the previous embodiment, 
so as to estimate the value z(n) of the side slip 
angle based upon the vehicle speed V(n) input 
from the vehicle speed sensor 40, the detected 
yaw rate Y(n) input from the yaw rate sensor 42 
and the lateral acceleration GL(n) input from the 
lateral acceleration sensor 43 in accordance with 
the formula (1) and output the estimated value z(n) 
to the side slip angle control means 31 . 

"Figure 8 is a graph showing the relationship 
between the limit value, the lateral acceleration GL 
and the road surface friction coefficient, and Figure 
9 is- a graph showing the relationship between the 
limit value, the absolute value of the rate of change 
in steering angle of the front wheels 2, 2 and a 
road surface friction coefficient. 

In Figure 8. the curve A shows the relationship 
between the first limit value XrL1(n) and the lateral 
acceleration GL(n) in the case where the vehicle is 
being driven on a road with a high road surface 
friction coefficient and the curve B shows the rela- 
tionship between the first limit value XrL1(n) and 
the lateral acceleration GL(n) in the case where the 
vehicle is being driven on a road with a low road 
surface friction coefficient is low. Further, the curve 
C shows the relationship between the second limit 
value XrL2(n> and the lateral acceleration GL(n) in 
the case where the vehicle is being driven on a 
road with a high road surface friction coefficient 
and corresponds to the curve A. As shown In 



Figure 8, the first limit value XrL1(n) and the sec- 
ond limit value XrL2(n) increase as the absolute 
value of the lateral acceleration GL(n) becomes 
greater, and as the road surface friction coefficient 

5 becomes lower, they increase within the range 
where the absolute value of the lateral acceleration 
GL(n) is low. The reason why the first limit value 
XrL1(n) is made to increase with increasing the 
absolute value of the lateral acceleration GL(n) is 

10 that a large absolute value of the lateral accelera- 
tion GL(n) means that the driving condition is prob- 
ably unstable and. therefore, driving stability should 
be emphasized over riding comfort. The reason 
why the first limit value XrLI (n) is made to increase 

IS with decreasing the road surface friction coefficient 
within the range where the absolute value of the 
lateral acceleration GL(n) is low is that when the 
vehicle is being driven on a road with a low road, 
surface friction coefficient, the driving condition is 

20 probably unstable, even though the absolute value 
of the lateral acceleration GL(n) is low, and, there- 
fore, driving stability should be emphasized over 
riding comfort. Further, the reason why the second 
limit value XrL2{n) is set lower than the first limit 

25 value XrLl(n) is that the driver tends to feel uncom- 
fortable particularly when the control means for 
controlling the steering angle Xr(n) of the rear 
wheels 3,. 3 is changed from the yaw rate feedback 
control means 30 to the side slip angle control 

30 means 31 . 

In Figure 9, the curve "a" shows the relation- 
ship between the first limit value XrL1(n) and the 
absolute value of the rate of change dXf in the 
steering angle Xf of the front wheels 2, 2 in the 

35 case where the vehicle is being driven on a road 
with a high road surface friction coefficient and the 
curve "b" shows the relationship between the first 
limit value XrLl(n) and the absolute value of the 
rate of change dXf(n) in the steering angle Xf(n) of 

40 the front wheels 2. 2 in the case where the vehicle 
is being driven on a road with a low road surface 
friction coefficient. Further, the curve "c" shows the 
relationship between the second limit value XrL2(n) 
and the absolute value of the rate of change dXf(n) 

45 in the steering angle Xf(n) of the front wheels 2. 2 
in the case where the vehicle is being driven on a 
road with a high road surface friction coefficient 
and corresponds to the curve "a". As shown in 
Figure 9, the first limit value XrL1(n) and the see- 
so ond limit value XrL2(n) increase as the absolute 
value of the rate of change dXf(n) in the steering 
angle Xf(n) of the front wheels 2, 2 becomes great- 
er, and as the road surface friction coefficient be- 
comes lower, they increase within the range where 

55 the absolute value of the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2, 2 is 
small. The reason why the first limit value XrL1(n) 
is made to increase as the absolute value of the 
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rate of change dXf(n) in the steering angle Xf(n) of 
the front wheels 2, 2 becomes greater is that a 
large absolute value of the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2. 2 
means that the driving condition is probably unsta- 
ble, and. therefore, driving stability should be em- 
phasized over riding comfort. The reason why the 
first limit value XrL1(n) is made to increase with 
decreasing the road surface frictjon coefficient with- 
in the range where the absolute value of the rate of 
change dXf(n) in the steering angle Xf(n) of the 
front wheels 2. 2 is small is that when the vehicle is 
being driven on a road with a low road surface 
friction coefficient, the driving condition is prot>ably 
unstable, even though the absolute value of the 
rate dXf(n) of change in the steering angle Xf(n) of 
the front wheels 2, 2 is small, and, therefore, driv- 
ing stability should be emphasized over riding 
comfort. Further, the reason why the second limit 
value XrL2(n) is set lower than the first limit value 
XrL1(n) is that the driver tends to feel uncomfort- 
able particularly when the control means for con- 
trolling the steering angle Xr(n) of the rear wheels 
3, 3 is changed from the yaw rate feedback control 
means 30 to the side slip angle control means 31. 

In Figure 7. the control unit 29 first receives the 
vehicle speed V(n) detected by the vehicle speed 
sensor 40, the steering angle Xf(n) of the front 
wheels 2, 2 detected by the steering angle sensor 
41 , the detected yaw rate Y(n) detected by the yaw 
rate sensor 42 and the lateral acceleration GL(n) 
detected by the lateral acceleration sensor 43. 

Similarly to the previous embodiments, the yaw 
rate feedback control means 30 calculates the tar- 
get yaw rate YO(n) based upon the vehicle speed 
V(n) input from the vehicle speed sensor 40 and 
the steering angle Xf(n) of the front wheels 2, 2 
input from the steering angle sensor 41 and cal-. 
culates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y(n) input from the yaw rate sensor 42. Fur- 
ther, the yaw rate feedback control means 30 cal- 
culates the yaw rate feedback value Ry(n) in accor- 
dance with the l-PD calculation formula. 

Similarly to the previous embodiments, the 
thus calculated yaw rate feedback value Ry(n) and 
deviation E(n) are output to the control mode selec- 
tion means 33. The control mode selection means 
33 calculates the rate of change dE(n) in the de- 
viation E(n) and judges whether or not the absolute 
value of the deviation E(n) is greater than, the 
predetermined value EG and the absolute value of 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 
E(n) is greater than the predetermined value EG 
and the absolute value of the rate of change dE(n) 



in the deviation E(n) is greater than the predeter- 
mined value dEO. it can t>e considered that the 
vehicle is being driven in a state corresponding to 
an area S3 in Figure 4. In this area, the vehicle is 

5 being turned extremely sharply and there is a 
considerable risk of excessive oversteering, so that 
the driving conditions of the vehicle is unstable. 
Therefore, similarly to the emlxxliment shown jn 
Figure 3. the control mode selection means 33 

10 judges that the steering angle Xr(n) of the rear 
wheels 3. 3 should be controlled by the fuzzy 
control means 32 and produces a control effecting 
signal. Then, the control mode selection means 33 
further judges whether or not the steering angle Xr- 

;5 (n-1) of the rear wheels 3, 3 was controlled by the 
fuzzy control means 32 in the preceding control 
cycle. 

When the result of this judgment is YES, 
namely, when the steering angle Xr(n-I) of the rear 
20 wheels 3. 3 was controlled by the fuzzy control 
means 32 in the preceding control cycle, the con- 
trol mode selection means 33 outputs only the 
control effecting signal to the fuzzy control means 
32. 

25 On the contrary, when the control mode selec- 

tion means 33 judges that the steering angle Xr(n- 
1) of the rear wheels 3, 3 was controlled by the 
yaw rate feedback control means 30 or the side 
slip angle control means 31 in the preceding con- 

30 trol cycle, it outputs a first control signal to the 
fuzzy control means 32 in addition to the control 
effecting signal. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 

35 lection means 33, similarly to the previous embodi- 
ments, it calculates the rate of change dY(n) in the 
detected yaw rate Y(n) based upon the detected 
yaw rate input from the yaw rate sensor 42 and 
further calculates a fuzzy control value Rf(n) based 

40 on a membership function which is experimentally 
determined so as to reduce the absolute value of 
the rate of change in the detected yaw rate Y{n) 
and which depends upon the deviation E{n) and the 
rate of change dE(n) In accordance with the for- 

45 mula (5). Then, when only the control effecting 
signal is input, the fuzzy control means 32 pro- 
duces the fuzzy control signal and outputs it to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3, 3 can be controlled so as to become 

50 equal to the fuzzy control value Rf(n). 

On the contrary, when the fuzzy, control means 
32 receives the first control signal together with the 
control effecting signal from the control mode se- 
lection means 33. it judges whether or not the 

55 absolute value of the difference between the fuzzy 
control value Rf(n) calculated in the current control 
cycle and the steering angle Xr(n:l) of the rear 
wheels 3, 3 In the preceding control cycle is great-; 
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er than the first limit value XrL1(n). 

When the result of this judgment is NO, name- 
ly, when the absolute value of the difference be- 
tween the fuzzy control value Rf(n) and the steering 
angle Xr(n-I) of the rear wheels 3, 3 in the preced- 
ing control cycle is not greater than the first limit 
value XrL1(n), the fuzzy control means 32 produces 
the fuzzy control signal and outputs it to the motor 
24 so that the steering angle Xr(n) of the rear 
wheels 3, 3 can be controlled so as to become 
equal to the fuzzy control value Rf(n). 

On the contrary, when the result of the judg- 
ment is YES, namely, when the absolute value of 
the difference between the fuzzy control value Rf(n) 
and the steering angle Xr(n-l) of the rear wheels 3, 
3 in the preceding control cycle is greater than the 
first limit value XrL1(n), if the fuzzy control value 
Rf(n) is greater than the steering angle Xr(n-1) of 
the rear wheels 3, 3 in the preceding control cycle, 
the fuzzy control means 32 produces the fuzzy 
control signal and outputs it to the motor 24 so that 
the steering angle Xr(n) of the rear wheels 3. 3 is 
controlled so as to become equal to {Xr(n-l) + 
XrL1(n)} and if the fuzzy control value Rf(n) is not 
greater than the steering angle Xr(n-l) of the rear 
wheels 3, 3 in the preceding control cycle, the 
fuzzy control means 32 produces the fuzzy control 
signal and outputs it to the motor 24 so that the 
steering angle Xr(n) of the rear wheels 3, 3 is 
controlled so as to become equal to {Xr(n-l) - 
XrL1(n)}. The control mode selection nneans 33 
stores maps corresponding to the graphs shown in 
Figures 8 and 9 and determines the first limit value 
XrL1(n) from the stored map based on the vehicle 
speed V(n), the steering angle Xf(n) of the front 
wheels 2. 2 and the lateral acceleration GL(n). 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 
than a predetermined value dEO. the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

When the result of . this judgment is YES, simi- 
larly to the embodiment shown in Figure 3, the 
control mode selection means 33 judges that the 
steering angle Xr(n) of the rear wheels 3, 3 should 
be controlled by the side slip angle control means 
31 and produces a control effecting signal. Then, 
the control mode selection means 33 further judges 
whether or not the steering angle Xr(n-1) of the rear 
wheels 3. 3 was controlled by the side slip angle 
control means 31 in the preceding control cycle. 

When the result of this judgment is YES. 
namely, when the control mode selection nneans 33 



judges that the steering angle Xr(n-I) of the rear 
wheels 3, 3 was controlled by the side slip angle 
control means 31 in the preceding control cycle, 
the control mode selection means 33 outputs only 

5 the control effecting signal to the side slip angle 
control means 31 . 

On the contrary, when the result of the judg- 
ment is NO, the control mode selection means 33 
further judges whether or not the steering angle Xr- 

70 (n-1) of the rear wheels 3, 3 was controlled by the 
yaw rate feedback control means 30 in the preced- 
ing control cycle. 

When the result of this judgment is NO, name- 
ly, when the control mode selection means 33 

15 judges that the steering angle Xr(n-I) of the rear 
wheels 3, 3 was controlled by the fuzzy control 
means 32 in the preceding control cycle, it outputs 
the first control signal together with the control 
effecting signal to the side slip angle control means 

20 31. 

On the contrary, when the control mode selec- 
tion means 33 judges that the steering angle Xr(n- 
1) of the rear wheels 3, 3 was controlled by the 
yaw rate feedback control means 30 in the preced- 

25 ing control cycle. It outputs the second control 
signal together with the control effecting signal to 
the side slip angle control means 31. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 

30 trol mode selection means 33, similarly to the 
embodiment shown in Figure 3, it calculates the 
side slip angle control value Rz(n) in accordance 
with the formula (6). Then, when only the control 
effecting signal is input, the side slip angle control 

35 means 31 produces the side slip angle control 
signal and outputs it to the motor 24 so that the 
steering angle Xr(n) of the rear wheels 3, 3 is made 
equal to the side slip angle control value Rz(n). 
Therefore, in the state where the turning radius of 

40 the vehicle is large and the yaw rate Y(n) is low, it 
is possible to prevent the rear wheels 3, 3 from 
being steered in the reverse phase with respect to 
that of the front wheels 2. 2 and reliably prevent 
the driving stability from being lowered. 

45 On the contrary, when the side slip angle con- 

trol means 31 receives the first control signal to- 
gether with the control effecting signal, it further 
judges whetheir or not the absolute value of the 
difference between the side slip angle control value 

50 Rz(n) calculated in the current control cycle and 
the steering angle Xr{n-l) of the rear wheels 3. 3 in 
the preceding control cycle is greater than the first 
limit value XrL1(n). 

When the absolute value of the difference bo- 
ss tween the side slip angle control value Rz(n) cal- 
culated in the current control cycle and the steering 
angle Xr(n-I) of the rear wheels 3, 3 in the preced- 
ing control cycle is not greater than the first limit 

15 
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value XrL1(n), the side slip angle control nneans 31 
produces the side slip angle control signal and 
outputs it to the motor 24 so that the steering angle 
Xr{n) of the rear wheels 3, 3 can be controlled so 
as to become equal to the side slip angle control 
value Rz(n)- 

On the contrary, when the absolute value of the 
difference between the side slip angle control value 
Rz(n) calculated in the current cycle and the steer- 
ing angle Xr{n-1) of the rear wheels 3. 3 in. the 
preceding control cycle is greater than the first limit 
value XrLl(n), if the side slip angle control value 
Rz(n) calculated in the current cycle is greater than 
the steering angle Xr(n-I) of the rear wheels 3. 3 in 
the preceding control cycle, the side slip angle 
control means 31 produces the side slip angle 
control signal and outputs it to the motor 24 so that 
the steering angle Xr(n) of the rear wheels 3. 3 is 
controlled so as to t)ecome equal to {Xr{n-1) + 
XrL1(n)} and if the side slip angle control value Rz- 
(n) calculated in the cunrent cycle is not greater 
than the steering angle Xr(n-I) of the rear wheels 3, 
3 in the preceding control cycle, the side slip angle 
control means 31 produces the side slip angle 
control signal and outputs it to the motor 24 so that 
the steering angle Xr(n) of the rear wheels 3. 3 is 
controlled so as to become equal to {Xr(n-I) - 
XrL1(n)}. 

On the contrary, when the side slip angle con- 
trol means 31 receives the second control signal 
together with the control effecting signal, it further 
judges whether or not the absolute value of the 
difference between the side slip angle control value 
Rz(n) calculated in the current control cycle and 
the steering angle Xr(n-I) of the rear wheels 3, 3 in 
the' preceding control cycle is greater than the 
second limit value XrL2(n). 

When the absolute value of the difference be- 
tween the side slip angle control value R2(n) cal- 
culated in the current control cycle and the steering 
angle Xr(n-I) of the rear wheels 3, 3 in the preced- 
ing control cycle is not greater than the second 
limit value XrL2(n), the side slip angle control 
means 31 produces the side slip control signal and 
outputs it to the motor 24 so that the steering angle 
Xr(n) of the rear wheels 3, 3 can be controlled so 
as to become equal to the side slip angle control 
value Rz{n). 

On the contrary, when the absolute value of the 
difference between the side slip angle control value 
R2(n) calculated In the current cycle and the steer- 
ing angle Xr{n-1) of the rear wheels 3. 3 in the 
preceding control cycle is greater than the second 
limit value XrL2(n), if the side slip angle control 
value R2{n) calculated in the current cycle is great- 
er than the steering angle Xr(n-I) of the rear 
wheels 3. 3 in the preceding control cycle, the side 
slip angle control means 31 produces the side slip 



angle control signal and outputs it to the motor 24 
so that the steering angle Xr(n) of the rear wheels 
3, 3 is controlled so as to become equal to {Xr(n-I) 
+ XrL2(n)} and if the side slip angle control value 

5 Rz{n) calculated in the current cycle is not greater 
than the steering angle Xr(n-I) of the rear wheels 3, 
3 in the preceding control cycle, the side slip angle 
control means 31 produces the side slip angle 
control signal and outputs it to the motor 24 so that 

;o the steering angle Xr(n) of the rear wheels 3, 3 is 
controlled so as to become equal to {Xr(n-I) - 
XrL2(n)}. The control mode selection means 33 
stores maps corresponding to the graphs shown in 
Figures 8 and 9 and determines the second limit 

75 value XrL2(n) from the stored maps based upon 
the vehicle speed V(n), the steering angle Xf<n) of 
the front wheels 2. 2 and the lateral acceleration 
GL(n). 

On the contrary, when the absolute value of the 

20 estimated value z(n) of the side slip angle is not 
greater than the predetermined value zO. similarly 
to the embodiment shown in Figure 3. the control 
mode selection means 33 produces a control effec- 
ting signal and further judges whether or not the 

25 steering angle Xr(n) of the rear wheels 3, 3 was 
controlled by the yaw rate feedback control means 
30 in the preceding control cycle. 

When the result of this judgment is YES, the 
control mode selection means 33 outputs only the 

30 control effecting signal to the yaw rate feedback 
control means 30. 

On the other hand, when the result of the 
judgment is NO, namely, when the control mode 
selection means 33 judges that the steering angle 

35 Xr(n) of the rear wheels 3, 3 was controlled by the 
side slip angle control means 31 or the fuzzy 
control means 32 in the preceding control cycle, it 
outputs a first control signal together with the con- 
trol effecting signal to the yaw rate feedback con- 

40 trol means 30. 

When the yaw rate feedback control means 30 
receives only the control effecting signal from the 
control mode selection means 33, it produces the 
yaw rate feedback control signal and outputs it to 

45 the motor 24 so that the steering angle Xr{n) of the 
rear wheels 3, 3 can be controlled so as to become 
equal to the yaw rate feedback control value Ry(n). 

On the contrary, when the yaw rate feedback 
control means 30 receives the first control signal 

50 together with the control effecting signal, it further 
judges whether or- not the absolute value of the 
difference between the yaw rate feedback control 
value Ry(n) calculated in the current control cycle 
and the steering angle Xr(n-l) of the rear wheels 3, 

55 3 in the preceding control cycle is greater than the 
first limit value XrLl (n). 

When the absolute value of the difference be- 
tween the yaw rate feedback control value Ry{n) 
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calculated in the current control cycle and the 
steering angle Xr(n-I) of the rear wheels 3, 3 in the 
preceding control cycle is not greater than the first 
limit value XrL1(n). the yaw rate feedback control 
means 30 produces the yaw rate feedback control 
signal and outputs it to the motor 24 so that the 
steering angle Xr(n) of the rear wheels 3, 3 can be 
controlled so as to become equal to the yaw rate 
feedback control value Ry(n). 

On the contrary, when the absolute value of the 
difference between the yaw rate feedback control 
value Ry<n) calculated in the current control cycle 
and the steering angle Xr(n-I) of the rear wheels 3, 
3 in the preceding control cycle is greater than the 
first limit value XrL1(n). if the yaw rate feedback 
control value Ry(n) is greater than the steering 
angle Xr(n-I) of the rear wheels 3, 3 in the preced- 
ing control cycle, the yaw rate feedback control 
means 30 produces the yaw rate feedback control 
signal and outputs it to the motor 24 so that the 
steering angle Xr(n) of the rear wheels 3, 3 is 
controlled so as to become equal to {Xr(n-I) + 
XrL1(n)} and If the yaw rate feedback control value 
Ry(n) calculated in the current control cycle is not 
greater than the steering angle Xr(n-I) of the rear 
wheels 3, 3 In the preceding control cycle, the yaw 
rate feedback control means 30 produces the yaw 
rate feedback control signal and outputs It to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3. 3. is controlled so as to become 
equal to {Xr(n-1) - XrL1(n)}. 

The above described control is repeated at 
predetermined time intervals and the rear wheels 3, 
3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3, 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area SI so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1, it is possible to steer 
the rear wheels 3, 3 in a desired manner. On the 
other hand, since the rear wheels 3, 3 are steered 
by the side slip angle control means 31 in the state 
where the estimated absolute value z(n) of the side 
slip angle is greater than the predetermined value 
zO and the vehicle is being sharply turned and 
subjected to a large lateral acceleration GL(n), in 
such a manner that the greater the estimated ab- 
solute value z(n) of the side slip angle is, the more 
the rear wheels 3, 3 are steered in the same phase 
as that of the front wheels 2, 2, namely, in the 
same direction as that of the front wheels 2, 2 with 
respect to the longitudinal center line of the ve- 
hicle, it is possible to prevent the rear wheels 3, 3 
from being steered in the reverse phase with re- 
spect to that of the front wheels 2, 2 by the yaw 
rate feedback control means 30 and to prevent the 



driving stability from being lowered. Furthermore, 
in the state corresponding to the area S3 where the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 

5 (n) is greater than the predetermined value EO and 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO, in other 
words, when the vehicle is turning extremely sharp- 
ly and there is considerable risk of excessive over- 

10 steering, since the rear wheels 3, 3 are steered by 
the fuzzy control means 32 so as to reduce the 
rate of change dY(n) in the detected yaw rate Y(n). 
it is possible to improve the driving stability even in 
this unstable state without a large computer. More- 

7 5 over, although there is a considerable risk of the 
steering angle Xr(n) of the rear wheels 3, 3 being 
suddenly and greatly changed when the control 
means for controlling the steering angle Xr(n) of the 
rear wheels 3. 3 is changed and that the driver will 

20 feel uncomfortable as a result, according to this 
embodiment, when the control means for control- 
ling the steering angle Xr(n) of the rear wheels 3, 3 
is changed from the yaw rate feedback control 
means 30 to the fuzzy control means 32. from the 

25 side slip angle control means 31 to the yaw rate 
feedback control means 30, from the fuzzy control 
means 32 to the yaw rate feedback control means 
30 or from the fuzzy control means 32 to the side 
slip angle control means 31 , the steering angle Xr- 

30 (n) of the rear wheels 3, 3 is controlled so that the 
amount of change in the steering angle Xr of the 
■ rear wheels 3. 3 between the preceding control 
cycle and the current cycle becomes equal to the 
first limit value XrL1(n), and when the control 

35 means for controlling the steering angle Xr(n) of the 
rear wheels 3, 3 is changed from the yaw rate 
feedback control means 30 to the side slip angle 
control means 31, which may cause the driver to 
feel very uncomfortable, the steering angle Xr(n) of 

40 the rear wheels 3, 3 is controlled so that the 
amount of change in the steering angle Xr of the 
rear wheels 3, 3 between the preceding control 
cycle and the current cycle becomes equal to the 
second limit value XrL2(n) which is smaller than the 

45 first linnit value XrL1(n). Further, the first limit value 
XrLI (n) and the second limit value XrL2(n) increase 
under unstable driving conditions in accordance 
with the ma^DS shown in Figures 8 and 9. Therefore, 
according to this embodiment, it is possible to 

50 prevent the driving stability from being lowered and 
the driver frorn feeling uncomfortable. 

Figure 10 is a block diagram showing a control 
unit of a rear wheels steering system which is 
another embodiment of the present invention and a 

55 detection system provided in a vehicle. 

Referring to Figure 10. the control unit 29 com- 
prises a steering angle restricting means 35 in 
addition to the yaw rate feedback control means 
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30, the side slip angle control means 31, the fuzzy 
control means 32. the control mode selection 
means 33 and the side slip angle calculating 
means 34. and receives detection signals from the 
vehicle speed sensor 40 for detecting the vehicle 
speed V, the steering angle sensor 41 for detecting 
the steering angle of the steering hand wheel 1, 
namely, the steering angle Xf of the front wheels 2, 
2, the yaw rate sensor 42 for detecting the yaw 
rate Y of the vehicle and the lateral acceleration 
sensor 43 for detecting the lateral acceleration GL 
acting on the vehicle. 

The yaw rate feedback control means 30 Is 
constituted so as to calculate a target yaw rate Yo- 
(n) based on the vehicle speed V(n) input from the 
vehicle speed sensor 40 and the steering angle Xf- 
(n) of the front wheels 2, 2 input from the steering 
angle sensor 41, to further calculate the deviation 
E(n) between the target yaw rate Yo(n) and a 
detected yaw rate Y(n) input from the yaw rate 
sensor 42. to calculate the yaw rate feedback value 
Ry(n) using the l-PD control calculation formula (4) 
stored therein and to output the thus calculated 
yaw rate feedback value Ry(n) to the control nriode 
selection means 33. Further, the yaw rate feedback 
control means 30 is constituted so that when a 
control, effecting signal is input thereto from the 
control mode selection means 33, it outputs a yaw 
rate feedback control signal to the steering angle 
restricting means 35. 

The control mode selection means 33 is con- 
stituted the same as that of the embodiment shown 
in Figure 2. 

The side slip angle control means 31 is con- 
stituted so that when the control effecting signal is 
input thereto from the control mode selection 
means 33, it calculates a side slip angle control 
value Rz(n) in accordance with the calculation for- 
mula (6) stored therein and outputs a side slip 
angle control signal to the steering angle restricting 
means 35. 

The fuzzy control means 32 is constituted so 
that when the control effecting signal is input from 
the control mode selection means 33, it calculates 
the rate of change dY(n) in the detected yaw rate 
Y(n) input from the yaw rate sensor 42 and also 
calculates a fuzzy control value. Rf(n) in accordance 
with the calculation formula (5) stored therein when 
a control effecting signal is input thereto from the 
control rhode selection means 33, thereby to output 
the fuzzy control signal to. the steering angle re- 
stricting means 35. 

The side slip angle calculating means 34 is 
constituted similarly to the previous emtx)diments 
so as to estimate the value of the side slip angle z 
in accordance with the formula (1) and output it to 
the control mode selection means 33. 

The steering angle restricting means 35 is con- 



stituted so that when the absolute value of the 
deviation E{n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) Input from the yaw 
rate feedback control means 30 is greater than a 

5 predetermined value El and it judges based on the 
steering angle Xf(n) of the front wheels 2, 2 that the 
steering wheel 1 has been turned back and also 
judges that the absolute value of the detected yaw 
rate Y(n) is increasing, it outputs a steering angle 

10 restriction signal to the motor 24 so as to fix the 
steering angle Xr(n) of the rear wheels 3, 3 to the 
steering angle Xr(n-1) in the preceding control cy- 
cle, and is further constituted so that when the 
absolute value of the deviation E(n) is not greater 

75 than the predetermined value El or even if it is if it 
judges that the steering wheel 1 has not been 
turned back, it outputs the yaw rate feedback con- 
trol signal, the side slip angle control signal or the 
fuzzy control signal input from the control means 

20 selected by the control mode selection means 33 
to the motor 24, whereas if the absolute value of 
the deviation E(n) is not greater than the predeter- 
mined value El but it judges that the steering 
wheel 1 has been turned back, when it judges that 

25 the absolute value of the detected yaw rate Y(n) is 
decreasing, it causes the yaw rate feedback control 
means 30 to output the yaw rate feedback control 
signal and outputs it to the motor 24 even if the 
side slip angle control means 31 or the fuzzy 

30 control means 32 has been selected by the control 
mode selection means 33 and the side slip angle 
control signal or the fuzzy control signal has been 
input. 

Figure 11 is a flow chart showing a further 

35 embodiment of the steering angle control of rear 
wheels 3. 3 effected by the thus constituted control 
unit 29 and Figure 12 is a graph showing the 
relationship between the target yaw rate Yo(n) and 
the detected yaw rate Y(n), and the steering angle 

40 Xf(n) of the front wheels 2, 2 and time. 

Referring to Figure 11, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40, the steering angle Xf(n) of 
the front wheels 2, 2 detected by the steering 

45 angle sensor 41. the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43. 

Similarly to the previous embodiments, the yaw 

50 rate feedback control means 30 calculates a target 
yaw rate Yo{n) in the current control cycle in accor- 
dance with the formula (2) and further calculates 
the deviation E{n) between the thus calculated tar- 
get yaw rate Yo(n) and the detected yaw rate Y(n) 

55 Input from the yaw rate sensor 42 in accordance 
with the formula (3). Further, the yaw rate feedback 
control means 30 calculates a yaw rate feedback 
control value Ry(ri) in the current control cycle in 
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accordance with the formula (4). 

The thus calculated yaw rate feedback control 
value Ry(n) and the deviation E(n) are output to the 
control nnode selection means 33 and the deviation 
E(n) is also output to the steering angle restricting 
means 35. 

The steering angle restricting means 35 judges 
whether or not the absolute value of the deviation 
E(n) is greater than a predetermined value El. 

When the result of this judgment is YES. the 
steering angle restricting means 35 further judges 
whether or not the absolute value of the steering 
angle Xf(n) of the front wheels 2, 2 input from the 
steering angle sensor 41 is smaller than the ab- 
solute value of the steering angle Xf(n-I) of the 
front wheels 2, 2 in the preceding control cycle, 
namely, whether or not the steering wheel 1 has 
been turned back. 

When the result of this judgment Is YES, 
namely, when the steering angle restricting means 
35 judges that the steering wheel 1 has been 
turned back, it further judges whether or not the 
absolute value of the detected yaw rate Y(n) input 
from the yaw rate sensor 42 is greater than the 
absolute value of the detected yaw rate Y(n-1) 
input in the preceding control cycle, namely, 
whether the absolute value of the detected yaw 
rate Y is increasing. 

When the result of this judgment is YES, it can 
be considered that after the steering wheel 1 was 
turned in one direction and the target yaw rate Yo- 
(n) and the detected yaw rate Y(n) began to in- 
crease, the steering wheel 1 was turned back in the 
other direction and the target yaw rate Yo(n) has 
begun to decrease but the detected yaw rate Y(n) 
is still increasing due to the delay of control so that 
the absolute vatue of the deviation E(n) between 
the target yaw rate Yo{n) and the detected yaw rate 
Y(n) is greater than the predetermined value El 
and is further increasing. This state can be consid- 
ered to correspond to the state at time t1 in Figure 
12. 

Under this state, if the steering angle Xr{n) of 
the rear wheels 3. 3 is controlled so as to become 
equal to the yaw rate feedback control value Ry(n). 
the side slip angle control value R2{n) or the fuzzy 
control value Rf(n) calculated .by the yaw rate feed- 
back control means 30, the side slip angle control 
means 31 or the fuzzy control means 32, which is 
ever selected by the control mode selecting means 
33 in accordance with the driving conditions! the 
rear wheels 3, 3 will be excessively steered In the 
same phase as the front wheels 2, 2 as indicated 
by a dotted line in Figure 12 and, as a result, since 
the phase of the steering angle Xr(n) of the rear 
wheels 2, 2 and that of the front wheels 2, 2 are 
reverse to each other during time period from the 
time t2 when the sign of the steering angle Xf(n) of 



the front wheels 2, 2 changes to the time t3 when 
the sign of the steering angle Xr(n) of the rear 
wheels 3, 3 changes after the detected yaw rate Y- 
(n) went over its peak value and began to de- 

5 crease, there is a considerable risk that the yaw 
will be suddenly and greatly changed and that the 
driving stability will be lowered. 

So, in this embodiment, the steering angje re- 
stricting means 35 outputs a steering angle restric- 

10 tion signal to the motor 24 for fixing the steering 
angle Xr(n) of the rear wheels 3. 3 in the current 
control cycle to the steering angle Xr(n-I) of the 
rear wheels 3, 3 input from the yaw rate feedback 
control means 30, the side slip angle control 

75 means 31 or the fuzzy control means 32, which- 
ever is selected by the control mode selection 
means 33, and stored therein in the preceding 
control cycle so that the rear wheels 3, 3 can be 
prevented from being excessively steered in the 

20 . same direction as the front wheels 2. 2. As a result, 
the steering angle Xr(n) of the rear wheels 3, 3 is 
fixed to be constant from the time t1, as indicated 
by a solid line in Figure 1 2. 

On the other . hand, when the absolute value of 

25 the deviation E(n) is not greater than the predeter- 
mined value El or even if it is if the absolute value 
of the steering angle Xf(n) of the front wheels 2, 2 
is equal to or greater than the absolute value of the 
steering angle Xf(n-I) of the front wheels 2, 2 in the 

30 preceding control cycle and it is judged that the 
steering wheel 1 has not been turned back, the 
steering angle restricting means 35 does not output 
the steering angle restriction signal but outputs the 
yaw rate feedback control signal, the side slip 

35 angle control signal or the fuzzy control signal input 
from the yaw rate feedback control means 30, the 
side slip angle control means 31 or the fuzzy 
control means 32 which Is selected by the control 
mode selecting means 33 to the motor 24. 

40 On the contrary, even though the absolute val- 

ue of the deviation E(n) is greater than the pre- 
determined value El and it is judged that the 
steering wheel i has been turned back since the 
absolute value of the steering angle Xf{n) of the 

45 front wheels 2. 2 is smaller than the absolute value 
of the steering angle Xf{n-1) of the front wheels 2. 
2 in the preceding control cycle, when the absolute 
value of the detected yaw rate Y(n) is not greater 
than the absolute value of the detected yaw rate Y- 

50 (n-1) input In the preceding control cycle. It can be 
considered that the vehicle is being driven in the. 
state where, owing to the fact that the steering 
wheel 1 has been turned back, the detected yaw 
rate Y(n) has reached its peak value and the ab- 
as solute value thereof is not increasing. This , stale 
corresponds to the state at the time t4 in Figure 12. 
Since it should be considered that this shows that 
the steering angle Xr(n) of the rear wheels 3, 3 will 
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be controlled by the yaw rate feedback control 
means 30 in a short time, even though the control 
mode selection means 33 has selected the side 
slip angle control means 31 or the fuzzy control 
means 32 and the steering angle restricting means 
35 has received the side slip angle control signal or 
the fuzzy control signal, the control mode selection 
means 33 causes the yaw rate feedback control 
means 30 to output the yaw rate feedback control 
signal and outputs it to the motor for preventing the 
steering angle Xr(n) of the rear wheels 3, 3. from 
being suddenly and greatly changed when the yaw 
rate feedback control is effected, thereby to pre- 
vent the driving stability from being lowered. 

When the absolute value of the deviation E(n) 
is not greater than the predetermined value El or 
even if it is if the absolute value of the steering 
angle Xf(n) of the front wheels 2, 2 is equal to or 
greater than the absolute value of the steering 
angle Xf(n-l) of the front wheels 2, 2 in the preced- 
ing control cycle and It is judged that the steering 
wheel 1 has not been turned back, the control 
mode selection means 33 calculates the rate of 
change dE(n) in the deviation E(n) and judges 
whether or not the absolute value of the deviation 
E(n) is greater than a predetermined value EO 
which is smaller than the predetermined value El 
and the rate of change dE(n) in the deviation E(n) 
is greater than a predetermined value dEO for de- 
termining whether the steering angle Xr(n) of the 
rear wheels 3, 3 should be controlled by the yaw 
rate feedback control means 30, the side slip angle 
control means 31 or the fuzzy control means 32. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 
E(n) Is greater than the predetermined value EO 
and the absolute value of the rate of change dE(n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO, it can be considered that the 
vehicle is being driven in a stale corresponding to 
the area S3 In Figure 4 where the vehicle is being 
turned extremely sharply and there is a consider- 
able risk of excessive oversteering, so that the 
driving condition of the vehicle is unstable. There- 
fore, similarly to the embodiment shown in Figure 
3, the control mode selection means 33 outputs a 
control effecting signal to the fuzzy control means 
32 for controlling the steering angle Xr(n) of the 
rear wheels 3. 3 based upon fuzzy control. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 
lection means 33, similarly to the embodiment 
shown in Figure 3, it calculates the rate of change 
dY(n) in the detected yaw rate Y(n) and further 
calculates a fuzzy control value Rf(n) based on a 
membership function which is experimentally deter- 
mined so as to reduce the absolute value of the 
rate of change dY(n) in the detected yaw rate Y(n) 



and which depends upon the deviation E(n) and the 
rate dE(n) of change In accordance with the for- 
mula (5). Then, the fuzzy control means 32 outputs 
a fuzzy control signal to the motor 24, thereby 

5 controlling the steerinig angle Xr(n) of the rear 
wheels 3, 3 so that the steering angle Xr(n) of the 
rear wheels 3. 3 becomes equal to the fuzzy con- 
trol value Rf(n) and the absolute value of the rate of 
change dY(n) in the detected yaw rate Y(n) is 

70 reduced. 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE<n) in the deviation E(n) is not greater 

75 than a predetermined value dEO, the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 

20 value zO. 

When the result of this judgment is YES. 
namely, when the absolute value of the estimated 
value z(n) of the side slip angle is greater than a 
predetermined value zO. since it can be considered 

25 that the vehicle is being driven in a state cor- 
responding to the area 82 in Figure 4, the control 
mode selection means outputs a control effecting 
sigrial to the side slip angle control means 31, 
thereby to cause the side slip angle control means 

30 31 to control the steering angle Xr(n) of the rear 
wheels 3, 3. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33, similarly to the 

35 embodiment shown in Figure 3, it calculates the 
side slip angle control value Rz(n) in accordance 
with the formula (6) and outputs a side slip angle 
control signal to the motor 24 so that the steering 
angle Xr(n) of the rear wheels 3, 3 becomes equal 

40 to the side slip angle control value Rz(n) and the 
absolute value of the estimated value of the side 
slip angle z(n) is reduced. Therefore, in the state 
where the turning radius of the vehicle Is large and 
the yaw rate Y{n) is low, it is possible to prevent 

45 the rear wheels 3, 3 from being steered in the 
reverse phase with respect to that of the front 
wheels 2, 2 and reliably prevent the driving stability, 
from being lowered. 

On the contrary, when the absolute value of the 

50 estimated value z(n) of the side slip angle is not 
greater than the predetermined value zO. since it 
can be considered that the vehicle is being driven 
in a state corresp>onding to the area SI shown in 
Figure 4 where the tire cornering force C.F. is 

55 substantially proportional to the absolute value of 
the estimated value z(n) of the side slip angle and 
that the driving condition is stable, the control 
mode selection means 33 outputs a control effec- 
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ting signal to the yaw rate feedback control means 
30. 

When the yaw rate feedback control means 30 
receives the control effecting signal from the con- 
trol mode selection means 33, It outputs a yaw rate 
feedback control signal to the motor 24. thereby 
controlling the steering angle Xr(n) of the rear 
wheels 3, 3 so as to become equal to the yaw rate 
feedback control value Ry(n) calculated in accor- 
dance with the formula (4). 

The above described control Is repeated at 
predetermined time intervals and the rear wheels 3, 
3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3, 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area S1 so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1 . it is possible to steer 
the rear wheels 3, 3 in a desired manner. On the 
other hand, since the rear wheels 3. 3 are steered 
by the side slip angle control means 31 in the state 
where the estimated absolute value z(n) of the side 
slip angle is greater than the predetermined value 
zO and the vehicle is being sharply turned and 
subjected to a large lateral acceleration GL(n), in 
such a manner that the greater the estimated ab- 
solute value z(n) of the side slip angle is. the more 
the rear wheels 3, 3 are steered in the same phase 
as that of the front wheels 2, 2, namely, in the 
same direction as that of the front wheels 2, 2 with 
respect to the longitudinal center line of the ve- 
hicle, it is possible to prevent the rear wheels 3, 3 
from being steered in the reverse phase with re- 
spect to that of the front wheels 2, 2 by the yaw 
rate feedback control means 30 and to prevent the 
driving stability from being lowered. Furthermore, 
in the state corresponding to the area S3 where the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 
(n) is greater than the predetermined value EG and 
the rate of change dE(n) In the deviation E(n) Is 
greater than the predetermined value dEO, in other 
words, when the vehicle is turning extremely sharp- 
ly and there Is considerable risk of excessive over- 
, steering, since the rear wheels 3, 3 are steered by 
' tlie fuzzy control means 32 so as to reduce the 
rate of change dY(n) in the detected yaw rate Y(n), 
it is possible to improve the driving stability even In 
this unstable state without a large computer. More- 
over, if after the steering wheel 1 is once turned in 
one direction and the absolute values of the target 
yaw rate Yo(n) and the detected yaw rate Y(n) 
begin to increase, the steering wheel 1 is turned 
back in the other direction, the absolute value of 
the target yaw rate Yo(n) will begin to decrease but 
the absolute value of the detected yaw rate Y(n) 



will continue to increase due to the delay of control 
so that the absolute value of the deviation E(n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) will be greater than the predeter- 

5 mined value E1 and still be further increasing. In 
such a situation, if the steering angle Xr(n) of the 
rear wheels 3, 3 is controlled so as to make it 
equal to the yaw rate feedback control value Ry(n), 
the side slip angle control value Rz(n) or the fuzzy 

70 control value Rf(n) calculated by the yaw rate feed- 
back control means 30, the side slip angle control 
means 31 or the fuzzy control means 32, which- 
ever is selected by the control mode selection 
means 33 in accordance with the driving condi- 

75 tions, the rear wheels 3, 3 will be excessively 
steered in the same phase as that of the front 
wheels 2, 2 and. as a result, since the phase of the 
steering angle Xr(n) of the rear wheels 2. 2 and that 
of the front wheels 2. 2 will be reverse to each 

20 other during the time period from the time t2 when 
the sign of the steering angle Xf(n) of the front 
wheels 2, 2 changes to the time t3 when the sign 
of the steering angle Xr(n) of the rear wheels 3. 3 
changes after the absolute value of the detected 

25 yaw rate Y(n) goes over its peak value and begins 
to decrease, there is a considerable risk that the 
yaw will be suddenly and greatly changed and that 
the driving stability will be lowered. According to 
this embodiment, however, since the steering angle 

30 Xr(h) of the rear wheels 3, 3 Is fixed to the steering 
angle Xr(n-I) of the rear wheels In the preceding 
control cycle, this problem can be effectively 
solved. Further, after the steering angle Xr{n) has 
started to be restricted in the above described 

35 manner, when the absolute value of the detected 
yaw rate Y(n) increases and it is judged that the 
yaw rate feedback control will be started in a short 
time, since the yaw rate feedback control is imme- 
diately carried out irrespective of the judgment of 

40 the control mode selection means 33. it is possible 
to prevent the steering angle Xr(n) of the rear 
wheels 3, 3 from being suddenly and greatly 
changed when the yaw rate feedback control is 
started, thereby to prevent the driving stability from 

45 being lowered. 

Figure 13 Is a flow chart showing a further 
embodiment of the steering angle control of rear 
wheels effected by a control unit of a rear wheels 
steering system according to the present Invention. 

50 In this embodiment, similarly to the embodi- 

ment shown In Figure 10. the control unit 29 com- 
prises the yaw rate feedback control means 30. the 
side slip angle control means 31 , the fuzzy control 
means 32, the control mode selection means 33. 

55 the side slip angle calculating means 34 and the 
steering angle restricting means 35. and receives 
detection signals from the vehicle speed sensor 40 
for detecting the vehicle speed V. the steering 
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angle sensor 41 for detecting the steering angle of 
the steering hand wheel 1. nannely. the steering 
angle Xf of the front wheels 2. 2. the yaw rate 
sensor 42 for detecting the yaw rate Y of the 
vehicle and the lateral acceleraition sensor 43 for 
detecting the lateral acceleration GL applied to the 
vehicle laterally. 

The yaw rate feedback control means 30, the 
side slip angle control means 31, the fuzzy control 
means 32 and the side slip angle calculating 
means 34 are constituted similarly to the embodi- 
ment shown in Figure 10. 

The control mode selection means 33 is con- 
stituted similarly to the previous embodiments. 

The steering angle restricting means 35 is con- 
stituted so that when it judges based upon the 
steering angle Xf(n) of the front wheels 2. 2 that the 
steering wheel 1 has been turned back and also 
judges that the absolute value of the detected yaw 
rate Y(n) is increasing, it calculates the rate of 
change dE(n) in the deviation E(n) based upon the 
deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) input from the yaw 
rate feedback control means 30 and when it judges 
that the absolute value of the deviation E(n) is 
greater than a predetermined value E2 and the 
absolute value of the rate of change dE(n) in the 
deviation E(n) is greater than a predetermined val- 
ue dEI. it outputs a steering angle restriction signal 
to the motor for restricting the steering angle Xr(n) 
of the rear wheels 3, 3 to make the amount of the' 
steering of the rear wheels 3, 3 become maximum 
so as to reduce the absolute value of the detected 
yaw rate Y(n). On the other hand, when the ab- 
solute value of the detected yaw rate Y(n) is not 
Increasing, when the steering wheel 1 has not been 
turned back although the absolute value of the 
detected yaw rate Y(n) is increasing, when the 
absolute value of the deviation E(n) is not greater 
than the predetermined value E2 although the ab- 
solute value of the detected yaw rate Y(n) Is in- 
creasing and the steering wheel 1 has been turned 
back, or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 
than the predetermined value dEI although t he 
absolute value of the detected yaw rate Y(n) is 
increasing, the steering wheel 1 has been turned 
back and the absolute value of the deviation E(n) is 
greater than the predetermined value E2, if the 
steering angle restriction signal was not output in 
the preceding control cycle, the steering angle 
restricting means 35 outputs to the motor 24 the 
yaw rate feedback control signal, the side slip 
angle control signal or the fuzzy control signal input 
from whichever the control means is selected by 
the control mode selection means 33. whereas 
when the steering angle restriction signal was out- 
put in the preceding control cycle and the absolute 



value of the detected yaw rate Y(n) is not increas- 
ing, it causes the yaw rate feedback control means 
30 to output the yaw rate feedback control signal 
and outputs it to the motor 24 even if the side slip 

5 angle control means 31 or the fuzzy control means 
32 has been selected by the control mode selec- 
tion means 33 and the side slip angle control signal 
or the fuzzy control signal has been input. 

Referring to Figure 13. similarly to the embodi- 

ro ment shown in Figure 11, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40. the steering angle Xf(n) of 
the front wheels 2, 2 detected by the steering 
angle sensor 41. the detected yaw rate Y(n) de- 

IS tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43 and the yaw rate feedback control 
means 30 calculates a target yaw rate Yo(n) In the 
current control cycle In accordance with the for- 

20 mula <2). 

Then, the yaw rate feedback control means 30 
calculates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y(n) input from the yaw rate sensor 42 in 

25 accordance . with the formula <3) and further cal- 
culates a yaw rate feedback control value Ry(n) in 
the current control cycle in accordance with the 
formula (4). 

The thus calculated yaw rate feedback control 
30 value Ry(n) and the deviation E(n) are output to the 
control mode selection means 33 and the deviation 
E(n) is also output to the steering angle restricting 
means 35. 

The steering angle restricting means 35 judges 
35 whether or not the absolute value of the detected 
yaw rate Y(n) input from the yaw rate sensor 42 Is 
greater than the detected yaw rate Y(n-1) input in 
the preceding control cycle, namely, whether or not 
the absolute value of the detected yaw rate Y(n) Is 
40 increasing and has not reached its peak value 
Ymax. 

When the result of this judgment is YES, the 
steering angle restricting means 35 further judges 
whether or not the absolute value of the steering 

45 angle Xf(n) of the front wheels 2, 2 input from the 
steering angle sensor 41 Is smaller than the ab- 
solute value of the. steering angle Xf(n-I) of the 
front wheels 2, 2 input in the preceding control . 
cycle, namely, whether or not the steering wheel 1 

50 has been turned back. 

When the result of this judgment is YES. 
namely, when the steering angle restricting means 
35 judges that the steering wheel i has been 
turned back. It further judges whether or not the 

55 absolute value of the deviation E(n) is greater than 
the predetermined value E2. 

When the result of this judgment is YES, the 
steering angle restricting means 35 calculates the 
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rate of change dE(n) in the deviation E(n) and 
judges whether or not the absolute value of the rate 
of change dE(n) in the deviation E(n) is greater 
than the predetermined value dEI. 

When YES, it can be considered that the ve- 
hicle is being driven in the state where after the 
steering wheel 1 was turned in one direction and 
the absolute values of the target yaw rate Yo(n) 
and the detected yaw rate Y<n) began to increase, 
the steering wheel 1 has been turned back in the 
other direction and the absolute value of the target 
yaw rate Yo(n) has begun to decrease but the 
absolute value of the detected yaw rate Y(n) is still 
increasing due to the delay of control so that the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 
(n) is greater than the predetermined value El and 
the absolute value of the rate of change dE(n) in 
the deviation E(n) Is greater than the predeter- 
mined value dEl. In this state, the absolute value 
of the deviation E(n) between the target yaw rate 
Yo(n) and the detected yaw rate Y(n) varies sud- 
denly and greatly and there is a considerable risk 
of oversteering. Figure 14 is a graph showing the 
relationship between the target yaw rate Yo(n), the 
detected yaw rate Y(n). the steering angle Xf(n) of 
the front wheels 2. 2 and time. The aforesaid state 
corresponds to the state at the time t5 in Figure 14. 

Under such state, if the steering angle Xr(n) of 
the rear wheels 3, 3 is controlled so as to become 
equal to the yaw rate feedback control value Ry(n). 
the side slip angle control value R2(n) or the fuzzy 
control value Rf(n) calculated by the yaw rate feed- 
back' control means 30, the side slip angle control 
means 31 or the fuzzy control means 32,. which- 
ever is selected by the control mode selection 
means 33 in accordance with the driving condi- 
tions, the steering angle Xr(n) of the rear wheels 3, 
3 and the detected yaw rate Y(n) will be changed 
as indicated by the dot wave in Figure 14 and 
since the amount of steering of the rear wheels 3, 3 
in the same phase as that of the front wheels 2, 2 
is relatively small, there will be a considerable risk 
of oversteering and it will be very difficult to pre- 
vent the driving stability from being lowered. 

Therefore, in this embodiment, the steering an- 
gle restricting means 35 outputs a steering angle 
restriction signal to the motor 24 for steering the 
rear wheels 3. 3 so that the amount of steering of 
the rear wheels 3, 3 becomes maximum so as to 
decrease the absolute value of the detected yaw 
rate Y(n), thereby preventing excessive oversteer- 
ing. As a result, the steering angle Xr(n) of the rear 
wheels 3, 3 Is controlled so as to become great 
suddenly from the time t5 and the detected yaw 
rate Y(n) Is decreased as Indicated by the solid 
wave in Figure 14. 

On the other hand, when the steering angle 



restriction signal has been output and the absolute 
value of the detected yaw rate Y(n) Is not Increas- 
ing, it can be considered that the steering angle Xr- 
(n) of the rear wheels 3, 3 was controlled by the 

5 steering angle restricting means 35 but as a result 
of the steering wheel 1 having been turned back, 
the absolute value of the detected yaw rate Y(n) 
has gone over its peak value and begun to de- 
crease, namely, that the vehicle is being driven in 

10 the state at the time t6 in Figure 14. Since this 
means that the yaw rate feedback control will be 
started in a short time, the steering angle restrict- 
ing means 35 causes the yaw rate feedback control 
means 30 to output the yaw rate feedback control 

;5 signal and outputs it to the motor 24 for preventing 
the driving stability from being lowered by prevent- 
ing the steering angle Xr(n) of the rear wheels 3. 3 
from being suddenly and greatly changed on start- 
ing the yaw rate feedback control so that the steer- 

20 ing angle Xr(n) of the rear wheels 3. 3 is controlled 
so as to become equal to the yaw rate feedback 
control value Ry(n). even if the side slip angle 
control means 31 or the fuzzy control means 32 
has been selected by the control mode selection 

25 means 33 and the side slip angle control signal or 
the fuzzy control signal has been input. 

On the contrary, when the absolute value of the 
detected yaw rale Y(n) is not Increasing, when the 
steering wheel 1 has not been turned back al- 
so though the absolute value of the detected yaw rate 
Y(n) Is increasing, when the absolute value of the 
deviation E(n) is not greater than the predeter- 
mined value E2 although the absolute value of the 
detected yaw rate Y(n) is increasing and the steer- 

35 ing wheel 1 has been turned back or when the 
absolute value of the rate of change dE(n) in the 
deviation E(n) is not greater than the predeter- 
mined value dE1 although the absolute value of the 
detected yaw rate Y(n) is increasing, the steering 

40 wheel 1 has been turned back and the absolute 
value of the deviation E(n) is greater than the 
predetermined value E2. if the steering angle re- 
striction signal was not output in the preceding 
control cycle, the control mode selection means 33 

45 judges whether or not the absolute value of the 
deviation E(n) Is greater than the predetermined 
value EO which is smaller than the predetermined 
value E2 and if the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 

50 the predetermined value dEO which is smaller than 
the predetermined value dEI ; for selecting the con- 
trol means for controlling the steering angle Xr(n) 
of the rear wheels 3, 3 from among the yaw rate 
feedback control means 30, the side slip angle 

55 control means 31 and the fuzzy control means 32. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 
E{n) is greater than the predetermined value EO 
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and the absolute value of the rate of change dE{n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO, it can be considered that the 
vehicle is being driven in a state corresponding to 
the area S3 in Figure 4 where the vehicle is being 
turned extremely sharply and there is a consider- 
able risk of excessive oversteering, so that the 
driving condition of the vehicle is unstable. There- 
fore, similarly to the embodiment shown in Figure 
3. the control mode selection means 33 outputs a 
control effecting signal to the fuzzy control means 
32 for controlling the steering angle Xr{n) of the 
rear wheels 3, 3 based upon the fuzzy control. The 
reason why the predetermined value dEO is set 
smaller than the predetermined value dEI is that 
since it is difficult by selection of a particular mem- 
bership function to prevent the vehicle from being 
excessively oversteered and to improve the driving 
stability on roads with greatly differing road surface 
friction coefficients, the aforesaid predetermined 
values are selected such that when the vehicle is 
making frequent and sharp turns on a road with a 
tow road surface friction coefficient, the vehicle can 
be prevented from t>eing excessively oversteered 
by the steering angle restricting means 35. and 
when the vehicle is making frequent and sharp 
turns on a road with a medium or higher road 
surface friction coefficient, the vehicle can be pre- 
vented from being oversteered by the fuzzy control 
means 32. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode ser 
lection means 33, it calculates the rate of change 
dY(n) in the detected yaw rate Y(n) and further 
calculates a fuzzy control value Rf(n) based on a 
membership function which is experimentally deter- 
mined so as to reduce the absolute value of the 
rate of change dY(n) in the detected yaw rate Y(n) 
and which depends upon the deviation E(n) and the 
rate of change dE(n) in accordance with the for- 
mula (5). Then, the fuzzy control means 32 outputs 
a fuzzy control signal to the motor 24, thereby 
controlling the steering angle Xr(n) of the rear 
wheels 3, 3 so that the steering angle Xr(n) of the 
rear wheels 3, 3 becomes equal to the fuzzy con- 
trol value Rf(n) and the rate of change in the 
detected yaw rate Y(n) is reduced. 

On the contrary, when the absolute valije of the 
deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate dE- 
(n) of -change in the deviation E(n) is not greater 
than a predetermined value dEO. the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

When- the result of this judgment is YES. 



namely, when the absolute value of the estimated 
value z(n) of the side slip angle is greater than a 
predetermined value zO, since it can be considered 
that the vehicle is being driven in a state cor- 

5 responding to the area S2 in Figure 4. the control 
mode selection means outputs a control effecting 
signal to the side slip angle control means 31. 
thereby to cause the side slip angle control means 
31 to control the steering angle Xr(n) of the rear 

70 wheels 3. 3. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33. similarly to the 
embodiment shown in Figure 3, it calculates the 

15 side slip angle control value Rz(n) in accordance 
with the formula (6) and outputs a side slip angle 
control signal to the motor 24 so that the steering 
angle Xr(n) of the rear wheelis 3, 3 becomes equal 
to the side slip angle control value Rz(n) and the 

20 absolute value of the estirnated value of the side 
slip angle z(n) is reduced. Therefore, in the state 
where the turning radius of the vehicle is large and 
the yaw rate Y(n) is low, it is possible to prevent 
the rear wheels 3, 3 from being steered in the 

25 reverse phase with respect to that of the front 
wheels 2. 2 and reliably prevent the driving stability 
from being lowered. 

On the contrary, when the absolute value of the 
estimated value z(n) of the side slip angle is not 

30 greater than the predetermined value zO. since it 
can be considered that the vehicle is being driven 
in a state corresponding to the area S1 shown in 
Figure 4 where the tire cornering force C.F. is 
substantially proportional to the absolute value of 

35 the estimated value z(n) of the side slip angle and 
that the driving condition is stable, the control 
mode selection means 33 outputs a control effec- 
ting signal to the yaw rate feedback control means 
30. 

40 When the yaw rate feedback control means 30 

receives the control effecting signal from the con- 
trol mode selection means 33, it outputs a yaw rate 
feedback control signal to the motor 24, thereby 
controlling the steering angle Xr(n) of the rear 

45 wheels 3, 3 so as to become equal to the yaw rate 
feedback control value Ry(n) calculated in accor- 
dance with the formula (4). 

The above described control is repeated at 
predetermined time intervals and the rear wheels 3, 

so 3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3, 3. are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area SI so as to make the 

55 detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1 . it is possible to steer 
the rear wheels 3, 3 in a desired, manner. On the 

24 
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other hand, since the rear wheels 3. 3 are steered 
by the side slip angle control means 31 in the state^ 
where the estimated absolute value z(n) of the side 
slip angle is greater than the predetermined value 
zO and the vehicle is being sharply turned and 5 
subjected to a large lateral acceleration GL(n), in 
such a manner that the greater the estimated ab- 
solute value z(n) of the side slip angle is, the more 
the rear wheels 3, 3 are steered in the same phase 
as that of the front wheels 2, 2. namely, in the w 
same direction as that of the front wheels 2, 2 with 
respect to the longitudinal center line of the ve- 
hicle, it is possible to prevent the rear wheels 3, 3 
from being steered in the reverse phase with re- 
spect to that of the front wheels 2, 2 by the yaw ;5 
rate feedback control means 30 and to prevent the 
driving stability from being lowered. Furthermore, 
in the state corresponding to the area S3 where the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 20 
(n) is greater than the predetermined value EO and 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO, in other 
words, when the vehicle is turning extremely sharp- 
ly and there is considerable risk of excessive over- 25 
steering, since the rear wheels 3. 3 are steered by 
the fuzzy control means 32 so as to reduce the 
rate of change dY<n) in the detected yaw rate Y(n), 
It Is possible to improve the driving stability even in 
this unstable state without a large computer. More- 36 
over. In the case where when the vehicle Is being 
driven on a road with a low road friction surface 
coefficient, the absolute value of the deviation E<n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) becomes greater than the predeter- 35 
mined value E2 which is greater than the predeter- 
mined value EO and the absolute value of the rate 
of change dE(n) in the deviation E(n) becomes 
greater than the predetermined value dEl which is 
greater than the predetermined value dEO, whereby to 
it Is difficult to prevent the vehicle from being 
excessively oversteered by the fuzzy control 
means 32 which selects the membership function 
suitable for a road with a medium or greater road 
surface friction coefficient. However, since the 45 
steering angle restricting means 35 controls the 
steering angle Xr(n) of the rear wheels 3. 3 so that^ 
the amount of steering of the rear wheels 3. "'3"'' " 
becomes maximum so as to decrease the absolute 
value of the detected yaw rate Y(n), it is possible to so 
prevent the vehicle from being excessively over- 
steered and to improve the driving stability ir- 
respective of the road surface friction coefficients 
of road. Further, if the absolute value of the de- 
tected yaw rate Y(n) has not increased, after the 55 
steering angle restricting means 35 starts control- 
ling the steering angle Xr(n) of the rear wheels 3. 3, 
since it will be judged that the yaw rate feedback 



control will be started in a short time and the yaw 
rate feedback control is immediately effected in 
spite of the judgment of the control mode selection 
means 33, it is possible to prevent the steering 
angle Xr(n) of the rear wheels 3, 3 from being 
suddenly and greatly changed and to prevent the 
driving stability being lowered when the yaw rate 
feedback control is started. 

Figure 15 is a block diagram showing a control 
unit 29 of a rear wheels steering system which is 
further embodiment of the present invention and a 
detection system provided in a vehicle. 

Referring to Figure 15, the control unit 29 com- 
prises a function correcting means 36 in addition to 
the yaw rate feedback control means 30, the side 
slip angle control means 31. the fuzzy control 
means 32. the control mode selection means 33 
and the side slip angle calculating means 34, and 
receives detection signals from the vehicle speed 
sensor 40 for detecting the vehicle speed V, the 
steering angle sensor 41 for detecting the steering 
angle of the steering hand wheel 1 , namely, the 
steering angle Xf of the front wheels 2, 2, the yaw 
rate sensor 42 for detecting the yaw rate Y of the 
vehicle and the lateral acceleration sensor 43 for 
detecting the lateral acceleration GL acting on the 
vehicle. 

In this embodiment, the yaw rate feedback 
control means 30, the side slip angle control 
means 31 and the side slip angle calculating, 
means 34 are constituted In the same manner as 
those in the embodiment shown in Figure 2. 

The control mode selection means 33 is con- 
stituted so as to calculate the rate of change dE(n) 
in the deviation E(n). output a control effecting 
signal to the fuzzy control means 32 and the func- 
tion correcting means 36 when the absolute value 
of the deviation E(n) is greater than the predeter- 
mined value EO and the absolute value of the rate 
of change dE<n) in the deviation E(n) is greater 
than the predetermined value dEO, namely, under 
the state where the vehicle is turning extremely 
sharply, output a control effecting signal to the side 
slip angle control means 31 when the absolute 
value of the deviation E(n) is not greater than the 
predetermined value EO and the absolute value of 
the rate of change dE(n) in the deviation E(n) is not 
greater than the predetermined value dEO and 
when the absolute value of the estimated value 2(n) 
of the side slip angle calculated by the side slip 
angle calculating means 34 is greater than the 
predetermined value zO. namely, under the state 
where the vehicle is turning sharply, and output a 
control effecting signal to the yaw rate feedback 
control means 30 in other cases, namely, under the 
normal turning condition. 

The fuzzy control means 32 is constituted so 
that when the control effecting signal Is Input there- 
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to from the control mode selection means 33. it 
calculates the rate dY(n) of change in the detected 
yaw rate Y{n) input from the yaw rate sensor 42 
and also calculates a fuzzy control value Rf(n) in 
accordance with the membership function and a 
correction signal input from the function correcting 
means 36 and outputs the fuzzy control signal for 
controlling the steering angle Xr{n) of the rear 
wheels 3, 3 to become equal to the fuzzy control 
value Rf(n). 

The function correcting means 36 is constituted 
so that when the control effecting signal is input 
thereto from the control mode selection means 33, 
it calculates a correction value for conrecting the 
membership function stored In the fuzzy control 
means 32 based on the lateral acceleration GL(n) 
input from the lateral acceleration sensor 43 in 
accordance with maps or tables stored therein and 
outputs a correction signal to the fuzzy control 
means 32. 

Figure 16 is a flow chart showing a further 
embodiment of the steering angle control of rear 
wheels effected by the thus constituted control unit 
29. 

Referring to Figure 16. similarly to the embodi- 
ment shown in Figure 3, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40. the steering angle Xf(n) of 
the front wheels 2. 2 detected by the steering 
angle sensor 41, the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43 and the yaw rate feedback control 
means 30 calculates a target yaw rate Yo(n) in this 
control cycle in accordance with the formula (2). 

The yaw rate feedback means 30 calculates 
the deviation E{n) between the thus calculated tar- 
get yaw rate Yo(n) and the detected yaw rate Y(n) 
input from the yaw rate sensor 42 in accordance 
with the formula (3) and further calculates the yaw 
rate feedback control value Ry(n) in the current 
control cycle in accordance with the formula (4). 

The thus calculated yaw rate feedback control 
value Ry{n) and the deviation E(n) are output to the 
control mode selection means 33. 

The control mode selection means 33 calcu- 
lates the rate of change dE(n) in the deviation E(n) 
and judges whether or not the absolute value of the 
deviation E(n) is greater than the predetermined 
value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO. for selecting the con- 
trol means for controlling the steering angle Xr(n) 
of the rear wheels 3. 3 from among the yaw rate 
feedback control means 30, the side slip angle 
control means 31 and the fuzzy control means 32. 

When* the result of this judgment is YES, 
namely, when the absolute value of the deviation 



E(n) is greater than the predetermined value EO 
and the absolute value of the rate of change dE(n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO. it can be considered that the 

5 vehicle is being driven in a state corresponding to 
the area S3 in Figure 4 where the vehicle is being 
turning extremely sharply and there is a consider- 
able risk of excessive oversteering. so that the 
driving condition of the vehicle is unstable. There- 

10 fore, the control mode selection means: 33 outputs 
a control effecting signal to the fuzzy control 
means 32 and the function correcting means 36 for 
controlling the steering angle Xr(n) of the rear 
wheels 3. 3 based on the fuzzy control. 

/5 When the function correcting means 37 re- 

ceives the control effecting signal from the control 
mode selection means 33, it calculates a correction 
coefficient CI based upon the lateral acceleration 
GL(n) input from the lateral acceleration sensor 43 

20 in accordance with maps or tables stored therein 
and outputs a correction signal to the fuzzy control 
means 32. In this embodiment, as shown In Figure 
16, the correction coefficient CI is set to be 1 
when the absolute value of the lateral acceleration 

25 GL(n) is equal to or greater than a predetermined 
value GLO and linearly increases as the absolute 
value of the lateral acceleration GL(n) decreases 
within the area where the absolute value of the 
lateral acceleration GL(n) is lower than the pre- 

30 determined value GLO so that it is equal to CO 
when the lateral acceleration GL(n) is equal to zero. 

When the fuzzy control means 32 receives a 
control effecting signal from the control mode se- 
lection means 33, it calculates the rate of change 

35 " dY(n) in the detected yaw rate Y(n) input from the 
yaw rate sensor 42 and makes a judgment regard- 
ing the antecedent portion of the membership func- 
tion, namely, it judges how great the absolute value 
of the deviation E(n) between the target yaw rate 

40 Yo{n) and the detected yaw rate Y{n) is and how 
great the absolute value of the rate of change dE(n) 
in the deviation E(n) is. In accordance with the 
result of this judgment, the fuzzy control means 32 
calculates the fussy control value Rf(n) based upon 

45 the membership function stored therein and the 
correction signal input from the function correcting 
means 36, using the formula (7) below, and then 
outputs the fuzzy control signal to the motor 24 so 
that the steering angle Xr(n) of the rear wheels 3. 3 

50 is controlled so as to become equal to the fuzzy 
control value and that the rate of change dY(n) in 
the detected yaw rate Y(n) becomes zero. 

Rf(n) = Clxf(E(n). dE(n)) (7) 

55 

As apparent from Figure 16, since the correc- 
tion coefficient CI is set to. be greater than 1 within 
an area where the absolute value- of the lateral 
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acceleration GL(n) is lower than the predetermined 
value GLO and is made larger as the absolute value 
of the lateral acceleration GL(n) decreases, the rear 
wheels 3, 3 are more greatly steered as the ab- 
solute value of the lateral acceleration GL(n) de- 
creases within the area where the absolute value of 
the lateral acceleration GL(n) Is lower than the 
predetermined value GLO and the detected yaw 
rate Y(n) quickly converges on the target yaw rate 
Yo(n) when the vehicle is being driven on a road 
with a low road surface friction coefficient and the 
absolute value of the lateral acceleration GL(n) act- 
ing on the vehicle is low, whereby it is possible to 
prevent excessive oversteering and improve the 
driving stability in the state where driving stability 
should be emphasized. On the other hand, when 
the vehicle is being driven on a road with a high 
road surface friction coefficient and the absolute 
value of the lateral acceleration GL(n) acting on the 
vehicle is great, if the rear wheels 3. 3 are steered 
so that the detected yaw rate Y(n) quickly con- 
verges on the target yaw rate Yo(n), the vehicle is 
apt to vibrate and there is a considerable risk of the 
riding comfort being lowered. However, according 
to this embodiment, since the correction coefficient 
Cl Is set to be 1 in the area where the absolute 
value of the lateral acceleration GL(n) is equal to or 
greater than the predetermined value GLO, the rate 
at which the detected yaw rate Y(n) converges on 
the target yaw rate Yo(n) is low so that it is possi- 
ble to improve the driving stability and the riding 
comfort sirnultaneously under this state. 

On the contrary, when the absolute value of the 
deviation E(h) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 
than a predetermined value dEO, the control mpde 
selection means 33 judges whether or not the 
absolute value of the estimated value 2(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

When the result of this judgment is YES, 
namely, when the absolute value of the estimated 
value z(n) of the side slip angle is greater than a 
predetermined value zO, since it can be considered 
that the vehicle iis being driven in a state cor- 
responding To the area S2 in Figure 4. the control 
mode selection means outputs a control effecting 
signal to the side slip angle control means 31, 
thereby to cause the side slip angle control means 
31 to control the steering angle Xr(n) of the rear 
wheels 3, 3. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33. similarly to the 
embodiment shown in Figure 3, .it calculates the 
side slip angle control value Rz(n) In accordance 



with the formula (6) and outputs a side slip angle 
control signal to the motor 24 so that the steering 
angle Xr(n) of the rear wheels 3, 3 is made equal to 
the side slip angle control value Rz(n) and the 

5 absolute value of the estimated value of the side 
slip angle z(n) is reduced. Therefore, in the state 
where the turning radius of the vehicle is large and 
the yaw rate Y(n) is low, it is possible to prevent 
the rear wheels 3, 3 from being steered in the 

10 reverse phase with respect to that of the front 
wheels 2, 2 and to reliably prevent the driving 
stability from being lowered. 

On the contrary, when the absolute value of the 
estimated value z(n) of the side slip angle is not 

75 greater than the predetermined value zO, since it 
can be considered that the vehicle is being driven 
in a state corresponding to the area S1 shown in 
Figure 4 where the tire cornering force C.F. is 
substantially proportional to the absolute value of 

20 the estimated value 2(n) of the side slip angle and 
that the driving condition is stable, the control, 
mode selection means 33 outputs a control effec- 
ting signal to the yaw rate feedback control means 
30. 

25 When the yaw rate feedback control means 30 

receives the control effecting signal from the con- 
trol mode selection means 33. it outputs a yaw rate 
feedback control signal to the motor 24, thereby 
controlling the steering angle Xr{n) of the rear 

30 wheels 3. 3 so as to t>ecome equal to the yaw rate 
feedback control value Ry(n) calculated in accor- 
dance with the formula (4). 

The above described control is repeated at 
predetermined time Intervals and the rear wheels 3, 

35 3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3. 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area SI so as to make the 

40 detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1, it is possible to steer 
the rear wheels 3, 3 in a desired manner. On the 
other hand, since the rear wheels 3, 3 are steered 

45 by the side slip angle control means 31 in the state 
where the absolute value of the estimated value z- 
(n) of the side slip angle is greater than the pre-, 
determined value zO and the vehicle is being 
sharply turned and subjected to a large lateral 

50 acceleration GL(n), in such a manner that the great- 
er the estimated value 2{n) of the side slip angle is. 
the more the rear wheels 3, 3 are steered in the 
same phase as that of the front wheels 2, 2. 
namely, in the same direction as that of the front 

55 wheels 2, 2 with respect to the longitudinal center 
line of the vehicle, it is possible to prevent the rear 
wheels 3. 3 from being steered in the reverse 
phase with respect to that of the front wheels 2. 2 

27 
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by the yaw rate feedback control means 30 and 
preverit the driving stability from being lowered. 
Furthermore, in the state corresponding to the area 
S3 where the absolute value of the deviation E(n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is greater than the predetermined 
value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO, in other words, when 
the vehicle is turning extremely sharply and there 
is considerable risk of excessive oversteering, 
since the rear wheels 3, 3 are steered by the fuzzy 
control means 32 so as to reduce the absolute 
value of the rate of change dY(n) in the detected 
yaw rate Y(n), it is possible to improve the driving 
stability even In this unstable state without a large 
computer. Moreover, since the correction coeffi- 
cient CI which is calculated by the function cor- 
recting means 37 and output to the fuzzy control 
means 32 is set to be greater than 1 within an area 
where the absolute value of the lateral acceleration 
GL{n) is lower than the predetermined value GLO 
and is increased as the absolute value of the lateral 
acceleration GL(n) decreases, the rear wheels 3, 3 
are more greatly steered as the absolute value of 
the lateral acceleration GL(n) decreases within the 
area where the absolute value of the lateral accel- 
eration GL(n) is lower than the predetermined value 
GLO and the detected yaw rate Y(n) quickly con- 
verges on the target yaw rate Yo(n) when the 
vehicle is being driven on a road with a low road 
surface friction coefficient and the absolute value of 
the lateral acceleration GL{n) acting on the vehicle 
is low, whereby it is possible to prevent excessive 
oversteering and improve the driving stability under 
the state where the driving stability should be em- 
phasized. On the other hand, when the vehicle is 
being driven on a road with a high road surface 
friction coefficient and the absolute value of the 
lateral acceleration GUn) acting on the vefiicle is 
great, if the rear wheels 3, 3 are steered so that the 
detected yaw rate Y(n) quickly converges on the 
target yaw rate Yo(n). the vehicle is apt to vibrate 
and there is a considerable risk of the riding com- 
fort being lowered. However, according to this em- 
bodiment, since the correction coefficient CI is set 
to be 1 in the area where the absolute value of the 
lateral acceleration GL(n) is equal to or greater than 
the predetermined value GLO, the rate at which the 
detected yaw rate Y(n) converges on the target 
yaw rate Yo(n) is low and it is possible to improve 
the driving stability and the riding comfort simulta- 
neously under this state. 

Figure 17 Is a flow chart showing another em- 
bodiment of the steering angle control of rear 
wheels effected by the control unit 29 shown in 
Figure 15. 

Referring to Figure 17, the function correcting 



means 37 is different from that of the embodiment 
shown in Figure 16 in that it does not calculate the 
correction coefficient CI and output a correction 
signal for correcting the conclusion portion of the 

5 membership function but in accordance with the 
absolute value of the lateral acceleration GL(n), 
outputs a correction signal for correcting the judg- 
ment in the antecedent portion of the membership 
function as to how great t he absolute value of the 

10 deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) is and how great 
the absolute value of the rate of change dE(n) in 
the deviation E(n) is. 

More specifically, in this embodiment, the tunc- 

75 tion correcting means 36 is constituted so that 
even when the absolute value of the deviation E(n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is the same and the absolute value of 
the rate of change dE(n) in the deviation E(n) is the 

20 same, it judges that the absolute value of the 
deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) is greater and the 
absolute value of the rate of change dE(n) in the 
deviation E(n) is greater, as the absolute value of 

25 the lateral acceleration GL(n) decreases, and. as 
the absolute value of the lateral acceleration GL(n) 
decreases, outputs a correction signal for correct- 
ing the antecedent portion of the membership func- 
tion stored in the fuzzy control means 32 to the 

30 fuzzy control means 32 so as to make it judge that 
t he absolute value of the deviation E(n) between 
the target yaw rate Yo(n) and the detected yaw rate 
Y(n) is greater and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater, even 

36 when the absolute value of the deviation E(n) be- 
tween the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is the same and the absolute value of 
the rate of change dE(n) in the deviation E(n) is the 
same. 

40 Therefore, similarly to the ehnbodiment shown 

in Figure 16, when the vehicle is being driven on a 
road with a low road surface friction coefficient and 
the absolute value of the lateral acceleration GL(n) 
acting on the vehicle is low, the detected yaw rate 

45 Y<n) quickly converges on the target yaw rate Yo- 
(n), whereby it is possible to prevent excessive 
oversteering and improve the driving stability under 
the state where the driving stability should be em- 
phasized. On the other hand, when the vehicle is 

50 being driven on a road with a high road surface 
friction coefficient and the absolute value of the 
lateral acceleration GL(n) acting on the vehicle is 
great, the rate at which the detected yaw rate Y(n) 
converges on the target yaw rate Yo(n) is low and it 

55 is possible to improve the driving stability and the 
riding comfort simultaneously under this state. 

Figure 18 is a block, diagram showing a control 
unit 29 of a rear wheels steering system which is a 
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further embodiment of the present invention and a 
detection system provided in a vehicle. 

Referring to Figure 18, similarly to the embodi- 
ment shown in Figure 2. the control unit 29 com- 
prises the yaw rate feedback control means 30, the 
side slip angle control means 31 , the fuzzy control 
means 32, the control mode selection means 33 
and the side slip angle calculating means 34, and 
receives detection signals from the vehicle speed 
sensor 40 for detecting the vehicle speed V, the 
steering angle sensor 41 for detecting the steering 
angle of the steering hand wheel 1, namely, the 
steering angle Xf of the front wheels 2, 2, the yaw 
rate sensor 42 for detecting the yaw rate Y of the 
vehicle and the lateral acceleration sensor 43 for 
detecting the lateral acceleration GL acting on the 
vehicle. 

The yaw rate feedback control means 30 is 
constituted so as to calculate the target yaw rate 
Yo(n) based on the vehicle speed V(n) input from 
the vehicle speed sensor 40 and the steering angle 
Xf(n) of the front wheels 2. 2 input from the steer- 
ing angle sensor 41, to further calculate the de- 
viation E(n) between the target yaw rate Yo(n) and 
the detected yaw rate Y(n) input from the. yaw rate 
sensor 42, to calculate the yaw rate feedback con- 
trol value Ry(n) using the l-PD calculation formula 
stored therein, and output the thus calculated yaw 
rate feedback control value Ry(n).to the control 
mode selection means 33 and the side slip angle 
control means 31. Further, when a control effecting 
signal is input thereto from the control mode selec- 
tion means 33, it outputs the yaw rate feedback 
control signal to the motor 24. 

The control mode selection means 33 is con- 
stituted so as' to calculate the rate of change dE(n)- 
in the deviation E(n), output a control effecting 
signal to the fuzzy control means 32 when the 
absolute value of the deviation E(n) is greater than 
the predetermined value EO and the absolute value 
of the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO, namely, 
under the state where the vehicle is turning ex- 
tremely sharply, output a control effecting signal to 
the side slip angle control means 31 when the 
absolute value of the deviation E(n) is not greater 
than the predetermined value EO or the absolute 
value of the rate of change dE(n) in the deviation 
E(n) is not greater than the predetermined value 
dEO and when the absolute value of the estimated 
value z(n) of the side slip angle calculated by the 
side slip angle calculating means 34 is greater than 
the predetermined value zO, namely, under the 
state where the vehicle is turning sharply, and 
output a control effecting signal to the yaw rate 
feedback control means 30 when a control reserva- 
tion signal is input from the side slip angle control 
means 31 and In other cases, namely, under the 



normal turning condition. 

The side slip angle control means 31 is con- 
stituted so that it calculates the side slip angle 
control value Rz(n) in accordance with the formula 

5 stored therein when a control effecting signal is 
input from the control mode selection means 33. 
outputs a control reservation signal to the control 
mode selection means 33 when it judges that t he 
absolute value of the side slip angle control value 

10 R2(n) is smaller than the absolute value of the yaw 
rate feedback control value Ry(n) and outputs a 
side slip angle control signal to the motor 24 when 
It judges that the absolute value of the side slip 
angle control value Rz(n) is equal to or greater than 

15 the absolute value of the yaw rate feedback control 
value Ry(n). 

The fuzzy control means 32 is constituted so 
that when the control effecting signal is input from 
the control mode selection means 33, it calculates 

20 the rate of change dY(n) in the detected yaw rate 
Y(n) input from the yaw rate sensor 42 and also 
calculates a fuzzy control value Rf(n) in accordance 
with the membership function and outputs the 
fuzzy control signal for controlling the steering an- 

25 gle Xr(n) of the rear wheels 3, 3 to make it equal to 
the fuzzy control value Rf(n). 

The side slip angle calculating means 34 is 
constituted the same as in the previous enribodi- 
ments. 

30 Figure 19 is a flow chart showing a further 

embodiment of the steering angle control of reiar 
wheels 3. 3 effected by the thus constituted control 
unit 29. 

Referring to Figure 19, the control unit 29 re- 
35 ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40, the steering angle Xf(n) of 
the front wheels 2, 2 detected by the steering 
angle sensor 41. the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
40 acceleration GL(n) detected by the lateral accelera- 
tion sensor 43 and the yaw rate feedback control 
means 30 calculates a target yaw rate Yo(n) in the 
current control cycle in accordance with the for- 
mula (2). 

45 The yaw rate feedback means 30 then cal- 

culates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y{n) input from the yaw rate sensor 42 in 
accordance with the formula (3) and further cal- 

50 culates the yaw rate feedback control value Ry(n) 
in the current control cycle in accordance with the 
formula (4). 

The thus calculated yaw rate feedback control 
value Ry(n) and the deviation E(n) are output to the 
55 control mode selection means 33. 

The control mode selection means 33 calcu- 
lates the rate of change dE(n) in the deviation E(n) 
and judges whether or not the absolute value of the 

29 
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deviation E(n) is greater than the predetermined 
value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO, for selecting the con- 
trol means for controlling the steering angle Xr(n) 
of the rear wheels 3, 3 from among the yaw rate 
feedback control means 30. the side slip angle 
control means 31 and the fuzzy control means 32. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 
E(n) is greater than the predietermrned value EO 
and the absolute value of the rate of change dE(n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO. it can be considered that the 
vehicle is being driven in a state corresponding to 
the area S3 in Figure 4 where the vehicle is being 
turning extremely sharply and there is a consider- 
able risk of excessive oversteering. so that the 
driving condition of the vehicle is unstable. There- 
fore, similarly to the embodiment shown in Figure 
3, the control mode selection means 33 outputs a 
control effecting signal to the fuzzy control means 
32 for controlling the steering angle Xr(n) of the 
rear wheels 3, 3 based on the fuzzy control. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 
lection means 33, It calculates the rate of change 
dY(n) in the detected yaw rate Y(n) input from the 
yaw rate sensor 42 and further calculates the fuzzy 
control value Rf(n) based upon the membership 
function depending upon the deviation E(n) and the 
rate of change dE(n) in the deviation E(n) in accor- 
dance with the formula (5) so as to output it to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3. 3 can be controlled to make it equal 
to the fuzzy control value Rf(n). 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE(n) In the deviation E(n) is not greater 
than a predetermined value dEO, the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 
value zO. 

When the absolute value of the estimated value 
z(n) of the side slip angle is not greater than the 
predetermined value zO, since it can be considered 
that the vehicle is being driven In a state cor- 
responding to the area Si shown in Rgure 4 where 
the tire cornering force C.F. is substantially propor- 
tional to the absolute value of the estimated value 
z(n) of the side slip angle and that the driving 
condition is stable, the control mode selection 
means 33 outputs a control effecting signal to the 
yaw rate feedback control means 30. 

On ' the other hand, when the result of this 



judgment is YES. namely, when the absolute value 
of the estimated value z{n) of the side slip angle is 
greater than a predetermined value zO, since It can 
be considered that the vehicle is being driven In a 
5 state corresponding to the area S2 In Figure 4, the 
control mode selection means outputs a control 
effecting signal to the side slip angle control means 
31. 

When the side slip angle control means 31 

10 receives the control effecting signal from the con- 
trol mode selection means 33. it calculates the side 
slip angle control value Rz(n) in accordance with 
the formula (6). 

However, In a case where sudden acceleration 

J5 or braking during turning of the vehicle causes the 
rear portion of the vehicle to swing laterally and 
excessive oversteering occurs, since the yaw rate 
Y(n) becomes extremely great, the yaw rate feed- 
back control value Ry(n) calculated by the yaw rate 

20 feedback control means 30 can become greater 
than the side slip angle control value Rz(n) cal- 
culated by the side slip angle control means 31 . In 
this case, if the steering angle Xr(n) of the rear 
wheels 3, 3 is controlled by the side slip angle 

25 control means 31. the rear wheels 3, 3 will be 
steered in the reverse direction with respect to the 
front wheels 2, 2 and even though the phase of the 
steering angle Xr(n) of the rear wheels 3. 3 is the 
same as that of the front wheels 2. 2. In such a 

30 case, since the yaw rate Y(n) Is increased and the 
driving stability can be lowered, the side slip angle 
control . means 31 judges whether or not the ab- 
solute value of the side slip angle control value Rz- 
(n) is equal to or greater than the absolute value of 

35 the yaw rate feedback control value Ry(n). 

When the result of this judgment is YES, even 
if the side slip angle control is effected, since there 
is no risk of the rear wheels 3. 3 being steered in 
the reverse direction with respect to the front 

40 wheels 2, 2 or of the yaw rate Y(n) being In- 
creased, the side slip angle control means 31 out- 
puts the side slip angle control signal to the motor 
24 so that the steering angle Xr(n) of the rear 
wheels 3, 3 is controlled so as to make it equal to 

45 the side slip angle control value Rz(n). 

On the contrary, when the result of the judg- 
ment is NO. since effecting the side slip angle 
control would lead to a considerable risk of the rear 
wheels 3, 3 being steered in the reverse direction 

50 with respect to the front wheels 2, 2 and the yaw 
rate Y(n) being increased, thus lowering the driving 
stability, the side slip angle control means 31 out- 
puts a control reservation signal to the control 
mode selection means 33, without outputting the 

55 side slip angle control signal to the motor 24. 

When the control mode selection means 33 
receives the control reservation signal from the 
side slip angle control means 31. it outputs the 
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control effecting signal to the yaw rate feedback 
control means 30. 

When the yaw rate feedback control means 30 
receives the control effecting signal fronr> the con- 
trol nnode selection means 33, it outputs a yaw rate 
feedback control signal to the motor 24, thereby 
controlling the steering angle Xr(n) of the rear 
wheels 3, 3 so as to make it equal to the yaw rate 
feedback control value Ry(n) calculated in accor- 
dance with the formula (4). 

The above described control is repeated at 
predetermined time intervals and the rear wheels 3. 
3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3. 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area S1 so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1, it is possible to steer 
the rear wheels 3, 3 in a desired nnanner. On the 
other hand, since the rear wheels 3, 3 are steered 
by the side slip angle control means 31 in the state 
where the absolute value of the estimated value z- 
(n) of the side slip angle is greater than the pre- 
determined value zO and the vehicle is being 
sharply turned and subjected to a large lateral 
acceleration GL(n), in such a manner that the great- 
er the estimated value z(n) of the side slip angle is, 
the more the rear wheels 3, 3 are steered in the 
same phase as that of the front wheels 2, '2, 
namely, in the same direction as that of the front 
wheels 2. 2 with respect to the longitudinal center 
line of the vehicle, it Is possible to prevent the rear 
wheels 3, 3 from being steered in the reverse 
phase with respect to that of the front wheels 2, 2 
by the yaw rate feedback control means 30 and 
prevent the driving stability from being lowered. 
Furthermore, in the state corresponding to the area 
S3 where the absolute value of the deviation E(n) 
between the. target yaw rate Yo(n) and the detected 
yaw rate Y(n) is greater than the predetermined 
value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO. in other words, when 
the vehicle is turning extremely sharply and there 
is considerable risk of excessive . oversteering, 
since the rear wheels 3. 3 are steered by the fuzzy 
control means 32 so as to reduce the absolute 
value of the rate of change dY(n) In the detected 
yaw rate Y(n). it is possible to improve the driving 
stability even in this unstable state without a large 
computer. Moreover, even in the case where the 
absolute value of the estimated value z(n) of the 
side slip angle is greater than the predetermined 
value zO and the steering angle Xr(n) of the rear 
wheels 3, 3 should be controlled by the side slip 
angle control means 31. if t he absolute value of 



the side slip angle control value Rz(n) is equal to or 
greater than the absolute value of the yaw rate 
feedback control value Ry(n), namely, if sudden 
acceleration or braking during turning of the vehicle 
5 causes the rear portion of the vehicle to swing 
laterally so that the vehicle Is excessively over- 
steered and the yaw rate Y(n) becomes extremely 
great, then since the steering angle Xr(n) of the 
rear wheels 3, 3 Is not controlled by the side slip 
10 angle control means 31 but is controlled by the 
yaw rate feedback control means 30 until the ab- 
solute value of the side slip angle control value Rz- 
(n) becomes greater than the absolute value of the 
yaw rate feedback control value Ry(n). It Is possi- 
75 ble, in such state, to prevent the rear wheels 3. 3 
from being steered In the reverse direction with 
respect to the front wheels 2, 2 and to prevent the 
driving stability from being lowered. 

Figure 20 Is a block diagram showing the con- 
20 trol unit 29 of a rear wheel steering system which 
Is a further embodiment of the present invention 
and a detection system provided in a vehicle, and 
Figure 21 is a flow chart showing a further embodi- 
ment of the steering angle control of rear wheels 
25 effected by the control unit shown in Figure 20. 

In the embodiment shown In Figures 20 and 
21, the side slip angle control means 31 is con- 
stituted so that when it receives a control effecting 
signal from the control mode selection means 33, It 
30 calculates the side slip , angle control value Rz(n) 
based on the vehicle speed V(n) input fronn the 
vehicle speed sensor 40, the lateral acceleration 
GL(n) input from the lateral acceleration sensor 43 
and the yaw rate feedback control value Ry(n) in 
35 accordance with a calculation formula different from 
the formula (6) and outputs the side slip angle 
control signal to the motor 24. 

More specifically, as shown in Figure 21. simi- 
larly to the embodiment shown in Figure 19, when 
40 the control mode selection means 33 judges that 
the absolute value of the deviation E(n) is not 
greater than the predetermined value EO or that the 
absolute value of the rate of change dE(n) In the 
deviation E(n) is not greater than the predeter- 
45 mined value dEO. it further judges whether or not 
the absolute value of the estimated value z(n) of 
the side slip angle input from the side slip angle 
' calculating means 34 is greater than a predeter- 
mined value 20. 
50 When the absolute value of the estimated value 

z(n) of the side slip angle Is not greater than the 
predetermined value zO. the control mode selection 
means 33 outputs a control effecting signal to the 
yaw rate feedback control nneans 30. 
55 On the other hand, when the result of this 

judgment is YES. namely, when the absolute value 
of the estimated value z(n) of the side slip angle is 
greater than a predetermined value zO, the control 
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mode selection means outputs a control effecting 
signal to the side slip angle control means 31. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33. it calculates the 
steering angle ratio r(n-l) of the steering angle Xr- 
(n-1) of the rear wheels 2, 2 to the steering angle 
Xf(n-l) of the front wheels 2, 2 in the preceding 
control cycle and then judges whether or not the 
vehicle speed V(n) is greater than a predetermined 
vehicle speed VO. 

When the result of this Judgment Is YES, 
namely, when the vehicle speed V(n) is greater 
than a predetermined vehicle spieed VO. since this 
makes it necessary to emphasize driving stability, 
the side slip angle control means 31 sets the 
steering angle Xr(n-l) of the rear wheels 3, 3 
obtained from the steering angle ratio r{n-1) in the 
preceding control cycle, namely, in the control cy- 
cle immediately before the side slip angle control 
is effected and in which the yaw rate feedback 
control was effected, as the minimum steering an- 
gle Xr(n) of the rear wheels 3, 3 in the current 
control cycle and when the absolute value of the 
estimated value z(n) of the side slip angle further 
increases, it calculates a steering angle ratio r(n) in 
the current control cycle In accordance with the 
following formula (8), so that the steering angle Xr- 
(n) of the rear wheels 3, 3 increases as the ab- 
solute value of the estimated value z(n) of the side 
slip angle increases. 

r(n) = r(n-l) + C2x{z(n)-zO> (8) 

In this formula, C2 is a predetermined constant. 

On the other hand, when the vehicle speed V- 
(n) is not greater than the predetermined vehicle 
speed VO, the side slip angle control means 31 
judges whether or not the absolute value of the 
lateral acceleration GL{n) input from the lateral ac- 
celeration sensor 43 is greater than a predeter- 
mined value GL1. 

When the result of this judgment is YES, since 
it can be considered that the vehicle is being 
driven at a low speed on a road having a high road 
surface friction coefficient. Under such circum- 
stances, if the driver should let up on the accelera- 
tor pedal, the grip force of the tires will increase, so 
that the vehicle will temporarily be excessively 
understeered. There is thus some risk of the driv- 
ing stability being lowered unless the steering 
wheel 1 is sharply turned. Therefore, in this em- 
tx)diment, the side slip angle control means. 31 
holds the steering angle ratio r(n) In the current 
control cycle equal to the steering ratio r(n-l) in the 
preceding control cycle, namely, in the control cy- 
cle immediately before the side slip angle control 
is effected, for bringing the movement direction off 



the vehicle and the orientation of the vehicle into 
coincide with each other as much as possible. 

On the contrary, when the result of the judg- 
ment is NO, it can be considered that the vehicle is 

5 running on a road having a low road surface friction 
coefficient and that it is necessary to emphasize 
driving stability. Therefore, the side slip angle con- 
trol means 31 sets the steering angle Xr(n-l) of the 
rear wheels 3, 3 obtained from the steering angle 

JO ratio r(n-l) in the preceding control cycle, namely, 
in the control cycle immediately before the side 
slip angle control is effected and in which the yaw 
rate feedback control was effected, as the mini- 
mum steering angle Xr(n) of the rear wheels 3, 3 in 

75 the current cycle and when the absolute value of 
the estimated value z(n) of the side slip angle 
further increases, it calculates a steering angle ratio 
r(n) in the current cycle in accordance with the 
following formula (9). so that the steering angle Xr- 

20 (n) of the rear wheels 3, 3 increases as the ab- 
solute value off the estimated value z(n) of the side 
slip angle increases. 

r(n) = r(n-1) + C3x{z(n) - zO} (9) 

25 

in this formula. C3 is a predetermined constant. 
The above described control Is repeated at ' 
predetermined time intervals and the rear wheels 3. 
3 are steered accordingly. 

30 According to this embodiment, since the rear 

wheels 3, 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area Si so as to make the . 
detected yaw rate Y(n) become equal to the target 

35 yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1, it is possible to steer 
the rear wheels 3, 3 in a desired manner. On the 
other hand, since the rear wheels 3, 3 are steered 
by the side slip angle control means 31 in the state 

40 where the absolute value of the estimated value z- 
(n) of the side slip angle is greater than the pre- 
determined value zO and the vehicle is being 
sharply turned and subjected to a large lateral 
acceleration GL(n), in such a manner that the great- 

45 er the estimated value z(n) of the side slip angle is, 
the more the rear wheels 3, 3 are steered in the 
same phase as that of the front wheels 2, 2, 
namely, in the sarhe direction as that of the front 
wheels 2, 2 with respect to the longitudinal center 

50 line of the vehicle, it is possible to prevent the rear 
wheels 3, 3 from being steered in the reverse 
phase with respect to that of the front wheels 2, 2 
by the yaw rate feedback control means 30 and 
prevent the driving stability from being lowered. 

55 Furthermore, in the stale corresponding to the area 
S3 where the absolute value of the deviation E{n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is greater than the predetermined 



32 



63 



EP 0 510 365 A2 



64 



value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO, in other words, when 
the vehicle is turning extremely sharply and there 
is considerable risk of excessive oversteering. 
since the rear wheels 3, 3 are steered by the fussy 
control means 32 so as to reduce the absolute 
value of the rate of change dY(n) In the detected 
yaw rate Y<n). it is possible to improve the driving 
stability even in this unstable state without a large 
computer. Moreover, even in the case where the 
absolute value of the estimated value z(n) of the 
side slip angle is greater than the predetermined 
value zO and the steering angle Xr{n) of the rear 
wheels 3, 3 should be controlled by the side slip 
angle control means 31, when sudden acceleration 
or braking during turning of the vehicle causes the 
rear portion of the vehicle to swing laterally so that 
the vehicle is excessively oversteered and the ab- 
solute value of the yaw rate Y(n) becomes ex- 
tremely great, the steering angle Xr(n-1) of the rear 
wheels 3, 3 obtained from the steering angle ratio 
r(n-1) in the preceding control cycle, namely, in the 
control cycle immediately before the side slip an- 
gle control Is effected and in which the yaw rate 
feedback control was effected is set as the mini- 
mum steering angle Xr(n) of the rear wheels 3, 3 in 
the current control cycle and when the vehicle 
speed V(n) is greater than the predetermined value 
VO or when the absolute value of the lateral accel- 
eration GL(n) is not greater than the predetermined 
value GL1 even though the vehicle speed V(n) is 
not greater than the predetermined value VO, the 
rear wheels 3, 3 are controlled for improving the 
driving stability by increasing the steering angle Xr- 
(n) as the absolute value of the estimated value z- 
(n) of the side slip angle increases. Therefore, even 
when the side slip angle control is started under 
the condition where sudden acceleration or braking 
during turning of the vehicle causes the rear por- 
tion of the vehicle to swing laterally so that the 
vehicle is excessively oversteered and the yaw rate 
Y(n) becomes extremely great, it is possible to 
prevent the absolute value of the yaw rate Y(n) 
from increasing and to improve the driving stability. 
Further, when the vehicle speed V(n) Is not greater 
than the predetermined. value VO and the absolute 
value of the lateral acceleration GL(n) is greater 
than the predetermined value GL1. since the steer- 
ing angle ratio r(n) in this control cycle is held 
equal to the steering ratio r(n-1) in the preceding 
control cycle, namely, in the control cycle Imme- 
diately before the side slip angle control Is effec- 
ted, it is possible to prevent the vehicle from being 
temporarily excessively understeered and to effec- 
tively prevent the driving stability from being lower- 
ed without need for the driver to continue turning 
the steering wheel 1 sharply. 



Figure 22 is a block diagram showing the con- 
trol unit 29 of a rear wheel steering system which 
is a further embodiment of the present invention 
and a detection system provided in a vehicle. 

5 Referring to Figure 22, the control unit 29 com- 

prises a control value correcting means 38 in addi- 
tion to the yaw rate feedback control means 30, the 
side slip angle control means 31 , the fuzzy control 
means 32, the control mode selection means 33 

w and the side slip angle calculating means 34, and 
receives detection signals from the vehicle speed 
sensor 40 for detecting the . vehicle speed V. the 
steering angle sensor 41 for detecting the steering 
angle of the steering hand wheel 1, namely, the 

15 steering angle Xf of the front wheels 2, 2, the yaw 
rate sensor 42 for detecting the yaw rate Y of the 
vehicle and the lateral acceleration sensor 43 for 
detecting the lateral acceleration GL acting on the 
vehicle. 

20 In this embodiment, the yaw rate feedback 

control means 30 and the fuzzy control means 32 
are constituted the same as those in the embodi- 
ment shown in Figure 2. 

The control mode selection means 33 is con- 

25 stituted so as to calculate the rate of change dE(n) 
in the deviation E(n), output a control effecting 
signal to the fuzzy control means 32 and the con- 
trol value correcting means 38 when the absolute 
value of the deviation E(n) is greater than the 

30 predetermined value EO and the absolute value of 
the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO, namely, 
under the stale where the vehicle is turning ex- 
tremely sharply, output a control effecting signal to 

35 the side slip angle control means 31 and the con- 
troi value correcting means 38 when the absolute 
value of the deviation E(n) is not greater than the 
predetermined value EO or the absolute value of 
the rate of change dE(n) in the deviation E(n) Is not 

40 greater than the predetermined value dEO and 
when the absolute value of the estimated value z(n) 
of the side slip angle calculated by the side slip 
angle calculating means 34 is greater than the 
predetermined value zO, namely, under the state 

45 where the vehicle is turning sharply, and output a 
control effecting signal to the yaw rate feedback 
control means 30 in other cases, namely, under- the 
normal turning condition. 

The side slip angle control means 31 is con- 
so stituted so as to calculate the side slip angle con- 
trol value R2(n) based on a correction signal input 
from the control value correcting means 38 in ac- 
cordance with the calculation formula stored therein 
when a control effecting signal Is input from the 

55 control mode selection means 33 and output the 
side slip angle control signal to the motor 24. 

The side slip angle calculating means 34 is 
constituted so as to calculate the estimated value 
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z(n) of Ihe side slip angle based upon the vehicle 
speed V(n) input from the vehicle speed sensor 40, 
the detected yaw rate Y(n) input from the yaw rate 
sensor 42 and the lateral acceleration GL(n) input 
from the lateral acceleration sensor 43, in accor- 
dance with the formula (1) and output it to the side 
slip angle control means 31, the control mode 
selection nneans 33 and the control value correct- 
ing means 38. 

The control value correcting means 38 is con- 
stituted so that it calculates a differential value dz- 
(n) of the estimated value z(n) of the side slip angle 
based on the estimated value z(n) of the side slip 
angle input from the side slip angle calculating 
means 34 and also calculates the rate of change 
dXf(n) in the steering angle Xf(n) of the front 
wheels 2, 2 input from the steering angle sensor 41 
and outputs a correction signal to the side slip 
angle control means 31 when the sign of the es- 
timated value z(n) of the side slip angle and that of 
the differential value d2(n) are the same, the ab- 
solute value of the differential value dz(n> of the 
estimated value z(n) of the side slip angle is equal 
to or greater than a predetermined value dzO and 
the absolute value of the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2, 2 is 
equal to or smaller than a predetermined value 
dXfO. 

figure 23 is a flow chart showing an embodi- 
ment of the steering angle control of rear wheels 
effected by the thus constituted control unit 29. 

Referring to Figure 23, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40, the steering angle Xf(n) of 
the front wheels 2. 2 detected by the steering 
angle sensor 41, the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43, and the yaw rate feedback control 
means 30 calculates a target yaw rate Yo(n) in the 
current control cycle in accordance with the for- 
mula (2). 

The yaw rate feedback means 30 then cal- 
culates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y(n) input from the yaw rate sensor 42 in 
accordance with the formula (3) and further cal- 
culates the yaw rate feedback control value Ry(n) 
in the current control cycle in accordance with the 
formula (4). 

The thus calculated yaw rate feedback control 
value Rv(n) and the deviation E(n) are output to the 
control mode selection means 33. 

The control mode selection means 33 calcu- 
lates the rate of change dE(n) in the deviation E(n) 
and judges whether or not the absolute value of the 
deviation E<n) is greater than the predetermined 
values EG and whether or not the absolute value of 



the rate of change dE(n) in the deviation E(n) is 
greater than the predetermined value dEO. for se- 
lecting the control means for controlling the steer- 
ing angle Xr(n) of the rear wheels 3, 3 from among 
5 the yaw rate feedback control means 30, the side 
slip angle control means 31 and the fuzzy control 
means 32. 

When the result of this judgment is YES, 
namely, when the absolute value of the deviation 

10 E(n) is greater than the predetermined value EO 
and the absolute value of the rate of change dE(n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO. it can be considered that the 
vehicle is being driven in a state corresponding to 

75 the area S3 in Figure 4 where the vehicle is being 
turning extremely sharply and there is a consider- 
able risk of excessive oversteering. so that the 
driving condition of the vehicle is unstable. There- 
fore, similarly to the embodiment shown in Figure 

20 3, the control mode selection means 33 outputs a 
control effecting signal to the fuzzy control means 
32 for controlling the steering angle Xr(n) of the 
rear wheels 3. 3 based upon fuzzy control. 

When the fuzzy control means 32 receives the 

25 control effecting signal from the control mode se- 
lection means 33. it calculates the rate of change 
dY(n) in the detected yaw rate Y(n) input from the 
yaw rate sensor 42 and further calculates the fuzzy 
control value Rf(n) based on the membership func- 

30 tion depending upon the deviation E(n) and the rate 
of change dE(n) in the deviation E(n) in accordance 
with the formula <5), and outputs it to the motor 24 
so that the steering angle Xr(n) of the rear wheels 
3, 3 can be controlled to make it equal to the fuzzy 

35 control value Rf(n). 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetermined 
value EO or when the absolute value of the rate of 
change dE(n) in the deviation E(n) is not greater 

40 than a predetermined value dEO. the control mode 
selection means 33 judges whether or not the 
absolute value of the estimated value z(n) of the 
side slip angle input from the side slip angle cal- 
culating means 34 is greater than a predetermined 

45 value zO. 

When the absolute value of the estimated value 
2(n) of the side slip angle is not greater than-the 
predetermined value zO. since it can be considered 
that the vehicle is being driven In a state cor- 

50 responding to the area Si shown in Figure 4 where 
the tire cornering force C.F. is substantially propor- 
tional to the absolute value of the estimated value 
z(n) of the side slip angle and that the driving 
condition is stable, the control mode selection 

55 means 33 outputs a control effecting signal to the 
yaw rate feedback control means 30. 

When the yaw rate feedback control means 30 
receives the control effecting signal from the con- 
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tro! mode selection means 33, it produces the yaw 
rate feedback control signal and outputs it to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3. 3 is controlled so as to make it the 
yaw rate feedback control value Ry(n) calculated in 
accordance with the formula (4). 

On the other hand, when the result of this 
judgment is YES, namely, when the absolute value 
of the estimated value 2(n) of the side slip angle is 
greater than a predetermined value zO, since it can 
be considered that the vehicle is being driven in a 
state corresponding to the area S2 in Figure 4, the 
control mode selection means outputs a control 
effecting signal to the side slip angle control means 
31 and the control value correcting nneans 38. 

When the control value correcting means 38 
receives the control effecting signal from the con- 
trol mode selection means 33. it differentiates the 
estimated value z(n) of the side slip angle input 
from the side slip angle calculating means 34 to 
calculate the rate of change dz(n) and judges 
whether or not the sign of the estimated value 2(n) 
of the side slip angle and that of the rate of change 
d2(n) in the estimated value z(n) of the side slip 
angle are the same. 

When the result of this judgment is NO. name- 
ly, when the sign of the estimated value 2(n) of the 
side slip angle and that of the rate of change dz(n) 
in the estimated value z(n) of the side slip angle 
are different, since it can be considered that the 
estimated value 2{n) of the side slip angle is con- 
verging on zero, the control value correcting means 
38 does not output any correction signal. 

On the contrary, when the result of the judg- 
ment is YES, namely, when the sign of the es- 
timated value 2(n) of the side slip angle and that of 
the rate of change d2(n) in the estimated value z(n) 
of the side slip angle are the same, since it can be 
considered that the estimated value z(n) of the side 
slip angle is increasing or decreasing, the control 
value correcting means 38 further judges whether 
or riot the absolute value of the rate of change dz- 
(n) in the estimated value 2(n) of the side slip angle 
is equal to or greater than a predetermined value 
dzO. 

When the result of this judgment is NO. name- 
ly, when- the absolute value of the rate of change 
dz(n) in the estimated value 2{n) of the side slip 
angle is smaller than the predetermined value dzO, 
it can be considered that the rate of increase or 
decrease thereof is small and that notwithstanding 
that the estimated value z(n) of the side slip angle 
is increasing or decreasing, it suffices to control the 
steering angle Xr{n) of the rear wheels 3, 3 in 
proportion to the estimated value z(n) of the side 
slip angle. Therefore, the control value correcting 
means 38 does not output any correction signal. 

On the other hand, when the result of the 



judgment is YES. namely, when the absolute value 
of the rate of change dz(n) in the estimated value 
z(n) of the side slip angle is equal to or greater 
than the predetermined value dzO, the control value 
5 correcting means 38 further judges whether or not 
the absolute value of the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2, 2 is 
equal to or smaller than a predetermined value 
dXfO. 

10 When the result of this judgment is NO, name- 

ly, when the absolute value of the rate of change 
dXf(n) in the steering angle Xf(n) of the front 
wheels 2. 2 is greater than the predetermined value 
dXfO, since this means that the steering wheel 1 is 

75 being steered at a rate greater than a predeter- 
mined rate, it can be considered to be sufficient to 
control the steering angle Xr{n) of the rear wheels 
3, 3 in proportion to the estimated value 2(n) of the 
side slip angle and to be unnecessary to correct 

20 the control value of the steering angle Xr(n) of the 
rear wheels 3, 3 so as to steer the rear wheels 3, 3 
in the same phase as that of the front wheels 2, 2, 
even when the absolute value of the rate of change 
dz(n) in the estimated value z(n) of the side slip 

25 angle is not smaller than the predetermined value 
dzO. Therefore, the control value correcting means 
38 does not output any correction signal. 

On the contrary, when the result of the judg- 
ment Is YES. namely, when the absolute value of 

30 the rate of change dXf(n) In the steering angle .Xf(n) 
of the front wheels 2, 2 is equal to or smaller than 
a predetermined value dXfO, it can be considered 
that the estimated value z(n) of the side slip angle 
is considerably changing, even though the steering 

35 wheel 1 is hardly being steered, in other words, 
that the absolute value of the estimated value z(n) 
of the side slip angle exceeds the predetermined 
value zO and the estimated value z(n) of the side 
slip angle is increasing or decreasing at greater 

40 than a predetermined rate. Therefore, since there is 
a considerable risk of the driving stability being 
lowered unless the steering angle Xr(n) of the rear 
wheels 3, 3 is corrected greatly by steering the 
rear wheels 3, 3 in the same phase as that of the 

45 front wheel 2. 2. the control value correcting means 
38 outputs a correction signal to the side slip angle 
control means 31. . , 

When the side slip angle control means 31 
receives a control effecting signal from the control 

50 mode selecting means 33 but does not receive any 
correction signal from the control value correcting 
means 38. it calculates the side slip angle control 
value Rz(n) in accordance with the following for- 
mula (11). 

65 

Rz(n) = k2xz(n) (11) 

In this formula. k2 is a control constant and 
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positive. Therefore, when the estimated value z(n) 
of the side slip angle is positive, the side slip angle 
control value Rz(n) increases as the estimated val- 
ue z(n) of the side slip angle increases and, on the 
other hand, when the estimated value z(n) of the 
side slip angle is negative, the side slip angle 
control value Rz(n) decreases as the estimated 
value z(n) of the side slip angle decreases. As a 
consequence, If the steering angle Xr(n) of the rear 
wheels 3. 3 is controlled so as to make it equal to 
the side slip angle control value Ry(n). then since 
the rear wheels 3. 3 are steered in the same phase 
as the front wheels 2, 2, It is possible to prevent 
the rear wheels 3. 3 from being steered in the 
reverse phase with respect to the front wheels 2, 2 
when the turning radius of the vehicle is great and 
the yaw rate Y(n) Is being lowered, and to improve 
the driving stability. 

On the contrary, when the side slip angle con- 
trol means 31 receives a control effecting signal 
from the control mode selection means 33 .and a 
correction signal from the control value correcting 
means 38, It calculates the side slip angle control 
value Rz(n} in the following formula (12). 

Rz(n) = k2xz(n) + k3xdz(n) (12) 

In this formula. k2 is a control constant and 
positive. Therefore, when the estimated value z(n) 
of the side slip angle is positive, the side slip angle 
control value Rz(n) increases as the rate of change 
dz(n) in the estimated value z(n) of the side slip 
angle increases and, on the other hand, when the 
estimated value z(n) of the side slip angle is nega- 
tive, the side slip angle control value Rz(n) de- 
creases as the rate of change dz(n) in the es- 
timated value z(n) of the side slip angle decreases. 
As a consequence, even in the case where there is 
some risk of the driving stability becoming lowered 
if the steering angle Xr(n) of the rear wheels 3. 3 is 
controlled only so as to make it equal to the side 
slip angle control value Rz(n) determined in propor- 
tion to the estimated value z(n) of the side slip 
angle since the absolute value of the rate of 
change dz(n) in the estimated value z(n) of the side 
slip angle is equal to or greater than the predeter- 
mined value dzO even though the steering hand 
■wheel 1 is hardly being steered, in other words, in 
the case where the estimated value z(n) of the side 
slip angle is increasing or decreasing at a rate 
greater than a predetermined one. it is possible to 
improve the driving stability even under such un- 
stable condition since the rear wheels 3, 3 are 
more greatly steered in the same phase as the 
front wheels 2, 2 by an amount proportional to the. 
rate of change dz(n) in the estimated value z(n) of 
the side slip angle. 

The side slip angle control means 31 calcu- 



lates the side slip angle control value Rz(n) in the 
above described manner and outputs it to the mo- 
tor 24 so that the steering angle Xr(n) of the rear 
wheels 3. 3 is made equal to the side slip angle 

5 control value Rz(n). 

The above described control is repeated at 
predetermined time intervals and the rear wheels 3. 
3 are steered accordingly. 

According to this embodiment, since the rear 

10 wheels 3. 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
responding to the area SI so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 

75 angle of the steering wheel 1 . it is possible to steer 
the rear wheels 3. 3 in a desired manner. On the 
other hand, since the rear wheels 3, 3 are steered 
by the side slip angle control means 31 in the state 
where the absolute value of the estimated value z- 

20 (n) of the side slip angle Is greater than the pre- 
determined value zO and the vehicle Is being 
sharply turned and subjected to a large lateral 
acceleration GL(n). In such a manner that the great- 
er the estimated value z(n) of the side slip angle Is, 

25 the more the rear wheels 3, 3 are steered in the 
same phase as that of the front wheels 2, 2. 
namely. In the same direction as that of the front 
wheels 2, 2 with respect to the longitudinal center 
line of the vehicle, it is possible to prevent the rear 

30 wheels 3, 3 from being steered in the reverse 
. phase with respect to that of the front wheels 2, 2 
by the yaw rate feedback control means 30 and 
prevent the driving stability from being lowered. 
Furthermore, in the state corresponding to the area 

35 S3 where the absolute value of the deviation E(n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is greater than the predetermined 
value EG and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 

40 the predetermined value dEO, in other words, when 
the vehicle is turning extremely sharply and there 
is considerable risk of excessive oversteering, 
since the rear wheels 3, 3 are steered by the fuzzy 
control means 32 so as to reduce the absolute 

45 value of the rate of change dY(n) in the detected 
yaw rate Y(n). it is possible to Improve the driving 
stability even In this unstable state without a large 
computei-. Moreover, this embodiment is able to 
cope with the case where the absolute value of the 

50 estimated value z(n) of the side slip angle is great- 
er than the predetermined value zO and the steer- 
ing angle Xr(n) of the rear wheels 3, 3 should be 
controlled by the side slip angle control means 31 
but there is some risk of the driving stability be- 

55 coming lowered if the steering angle Xr(n) of the 
rear wheels 3, 3 is controlled only so as to make it 
equal to the side slip angle control value Rz(n) 
determined proportional to the estimated value z(n) 
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of the side slip angle, since the absolute value of 
the rate of change *dz(n) In the estimated value z(n) 
of the side slip angle is equal to or greater than the 
predetermined value dzO even though the sign of 
the estimated value z(n) of the side slip angle and 
that of the differential value thereof are the same 
and the steering rate of the steering wheel 1 is not 
greater than a predetermined rate, meaning that 
the rate of change dXf(n) in the steering angle of 
the front wheels 2. 2 is not greater than the pre- 
determined value dXfO. in other words, when the 
estimated value z(n) of the side slip angle is in- 
creasing or decreasing at a rate greater than a 
predetermined one even though the steering wheel 
1 Is hardly being turned. Specifically, it is able to 
improve the driving stability under such unstable 
condition because it enables the rear wheels 3, 3 to 
be more greatly steered in the same phase as the 
front wheels 2, 2 by an amount proportional to the 
rate of change dz(n) in the estimated value z(n) of 
the side slip angle. 

Figure 24 is a flow chart showing a further 
embodiment of the steering angle control of rear 
wheels effected by the control unit 29. 

In the embodiment shown in Figure 24, simi- 
larly to the embodiment shown in Figure 2, the 
control unit 29 comprises the yaw rate feedback 
control means 30. the side slip angle control 
means 31 , the fuzzy control means 32, the control 
mode selection means 33 and the side slip angle 
calculating means 34, and receives detection sig- 
nals from the vehicle speed sensor 40 for detecting 
the vehicle speed V, the steering angle sensor 41 
for detecting the steering angle of the steering 
hand wheel 1 , namely, the steering angle Xf of the 
front wheels 2, 2, the yaw rate sensor 42 for 
detecting the yaw rate Y of the vehicle and the 
lateral acceleration sensor 43 for detecting the lat- 
eral acceleration GL applied to the vehicle laterally. 

In this embodiment, the yaw rate feedback 
control means 30 and the side slip angle calculat- 
ing means 34 are constituted the same as those in 
the embodiment shown in Figure 2. 

The control mode selection means 33 is con- 
stituted so as to calculate the rate of change dE(n) 
in the deviation E(n). output a control effecting 
signal to the fuzzy control means 32 and the func- 
tion correcting means 37 when the absolute value 
of the deviation E(n) is greater than the predeter- 
mined value EO and the absolute value of the rate 
of change dE(n) In the deviation E(n) is greater 
than the predetermined value dEO, namely, under 
the state where the vehicle is turning extremely 
sharply, output a control effecting signal to the side 
slip angle control means 31 and the control value 
correcting means 38 when the absolute value of 
the deviation E(n) is not greater than the predeter- 
mined value EO or the absolute value of the rate of 



change dE(n) in the deviation E(n) is not greater 
than the predetermined value dEO and when the 
absolute value of the estimated value z(n) of the 
side slip angle calculated by the side slip angle 

5 calculating means 34 is greater than the predeter- 
mined value zO. namely, under the state where the 
vehicle is turning sharply, and output a control 
effecting signal to the yaw rate feedback control 
means 30 in other cases, namely, under the normal 

w turning condition. Further, the control mode selec- 
tion means 33 receives the steering angle Xf(n) of 
the front wheels 2. 2 from the steering angle sen- 
sor 41, the yaw rate feedback control value Ry(n) 
from the yaw rate feedback control means 30, the 

75 side slip angle control value Rz(n) from the side 
slip angle control means 31 and the fuzzy control 
value Rf(n) from the fuzzy control means, and 
calculates the rate of change In the steering wheel 
1. namely, the rate of change dXf(n) in the steering 

20 angle Xf(n) of the front wheels 2. 2. In the case 
where the steering angle Xr(n) of the rear wheels 3, 
3 was controlled by the fuzzy control means 32 in 
the preceding control cycle, when the control mode 
selection means 33 judges based upon the rate of 

25 change dXf(n) in the steering angle Xf(n) of the 
front wheels 2, 2 in the current control cycle and 
the rate of change dXf(n-l) in the steering angle Xf- 
(n-1) of the front wheels 2, 2 in the preceding 
control cycle that the steering wheel 1 once turned 

30 in one direction has been turned back in the other 
direction, it calculates the difference between the 
fuzzy control value Rf(n) and the yaw rate feedback 
control value Ry(n) and selects a threshold value 
D1 corresponding to the rate of change dXf(n) in 

35 the steering angle Xf<n) of the front wheels 2, 2 in 
accordance with maps or tables determined experir 
mentally or theoretically and stored therein, 
whereafter it judges whether or not the absolute 
value of the difference between the fuzzy control 

40 value Rf(n) and the yaw rate feedback control value 
Ry(n) Is equal to or smaller than the thus selected 
threshold value D1. Further, in the case where the 
steering angle Xr(n) of the rear wheels 3, 3 was 
controlled by the side slip angle control means 31 

45 in the preceding control cycle, when the control 
mode selection means .33 judges that the absolute 
value of the,, difference between the fuzzy control 
value Rf(n) arid the yaw rate feedback control value 
Ry(n) is equal to or smaller than the threshold 

50 value D1 , it changes the control means for control- 
ling the steering angle Xr(n) of the rear wheels 3, 3 
from the fuzzy control means 32 to the yaw rate 
feedback control means 30. Similarly, when the 
control mode selection means 33 judges that the 

55 steering wheel 1 once turned in one direction has 
been turned back in the other direction, it cal- 
culates the difference between the side slip angle 
control value Rz(n) and the yaw rate feedback 



37 



73 



EP 0 510 365 A2 



74 



control value Ry(n) and selects a threshold value 
D2 corresponding to the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2. 2 in 
accordance with maps or tables determined experi- 
mentally or theoretically and stored therein, 
whereafter it judges whether or not the absolute 
value of the difference between the side slip angle 
control value R2(n) and the yaw rate feedback 
control value Ry(n) is equal to or smaller than the 
thus selected threshold value D2. When the control 
mode selection means 33 judges that the absolute 
value of the difference between the side slip angle 
control value R2(n) and the yaw rate feedback 
control value Ry(n) is equal to or smaller than the 
threshold value D2. It changes the control means 
for controlling the steering angle Xr(n) of the rear 
wheels 3, 3 from the side slip angle control means 
31 to the yaw rate feedback control means 30. 

The side slip angle control means 31 Is con- 
stituted so that it calculates the side slip angle 
control value Rz(n) in accordance with the calcula- 
tion formula stored therein when a control effecting 
signal is input thereto from the control mode selec- 
tion means 33, outputs it to the control mode 
selection means 33 and outputs the side slip angle 
control signal to the motor 24. 

The fuzzy control means 32 is constituted so 
that when the control effecting signal is input there- 
to from the control mode selection means 33, it 
calculates the rate of change dY(n) in the detected 
yaw rate Y(n) input from the yaw rate sensor 42 
and also calculates a fuzzy control value Rf(n) in 
accordance with the membership function and out- 
puts the fuzzy control signal for controlling the 
steering angle Xr(n) of the rear wheels 3. 3 to make 
it equal to the fuzzy control value Rf{n). 

Referring to Figure 24, the control unit 29 re- 
ceives the vehicle speed V(n) detected by the 
vehicle speed sensor 40, the steering angle Xf{n) of 
the front wheels 2, 2 detected by the steering 
angle sensor 41, the detected yaw rate Y(n) de- 
tected by the yaw rate sensor 42 and the lateral 
acceleration GL(n) detected by the lateral accelera- 
tion sensor 43 and the yaw rate feedback control 
means 30 calculates a target yaw rate Yo(n) in the 
current control cycle in accordance with the for- 
mula (2). -.J . 

The yaw rate feedback means 30 then cal- 
culates the deviation E(n) between the thus cal- 
culated target yaw rate Yo(n) and the detected yaw 
rate Y(n) input from the yaw rate sensor 42 in 
accordance with the formula (3) and further cal- 
culates the yaw rate feedback control value Ry(n) 
in the current control cycle In accordance with the 
formula (4). 

The thus calculated yaw rate feedback control 
value Ry(n) and deviation E(n) are output to the 
control mode selection means 33. 



For selecting the control means for controlling 
the steering angle Xr(n) of the rear wheels 3. 3 
from among the yaw rate feedback control means 
30, the side slip angle control means 31 and the 

5 fuzzy control means 32, the control mode selection 
means 33 first checks whether or not a flag J is 
equal to 1 . The flag J is set to 1 when the steering 
angle Xr(n) of the rear wheels 3, 3 has been 
controlled by the fuzzy control means 32, is set to 

10 zero when the control means for controlling the 
steering angle Xr(n) of the rear wheels 3, 3 has 
been changed from the fuzzy control means 32 to 
the yaw rate feedback control means 30 or from 
the side slip angle control means 31 to the yaw 

;5 rate feedback control means 31 and Is set to 2 
when the steering angle Xr(n) of the rear wheels 3, 
3 has been controlled by the side slip angle control 
means 31 . Therefore, the result of this judgment is 
NO in the first control cycle. 

20 The control mode selection means 33 then 

calculates the rate of change dE(n) in the deviation 
E(n) and judges whether or not the absolute value 
of the deviation E(n) is greater than the predeter- 
mined value EO and whether or not the rate of 

25 change dE(n) in the deviation E<n) is greater than 
the predetermined value dEO. 

When the result of this judgment is YES. 
namely, when the absolute value of the deviation 
E(n) is greater than the predetermined value EO 

30 and the absolute value of the rate of change dE(n) 
in the deviation E(n) is greater than the predeter- 
mined value dEO, it can be considered that the 
vehicle is being driven in a state corresponding to 
the area S3 in Figure 4 where the vehicle is being 

35 turned extremely sharply. Therefore, similarly to 
the embodiment shown in Figure 3, the control 
mode selection means 33 outputs a control effec- 
ting signal to the fuzzy control means 32 for con- 
trolling the steering angle Xr(n) of the rear wheels 

40 3, 3 based upon fuzzy control. 

When the fuzzy control means 32 receives the 
control effecting signal from the control mode se- 
lection means 33, it calculates the rate of change 
dY{n) in the detected yaw rate Y(n) input from the 

45 yaw rate sensor 42 and further calculates the fuzzy 
control value Rf(n) based on the membership func- 
tion depending upon the deviation E(n) and the rate 
of change dE(n) in the deviation E(n) in accordance 
with the formula (5), and outputs it to the motor 24 

50 so that the steering angle Xr(n) of the rear wheels 
3. 3 can be controlled to make it equal to the fuzzy 
control value Rf(n) and then sets the flag J to 1 . As 
a result, the rear wheels 3. 3 are steered so that 
the rate of change dY(n) in the detected yaw rate 

55 Y(n) approaches zero. 

On the contrary, when the absolute value of the 
deviation E(n) is not greater than a predetenmined 
value EO or when the absolute value of the rate of 
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change dE(n) in the deviation E(n) is not greater 
than a predetermined value dEO. the control mode 
selection means 33 judges whether or not the flag 
J Is equal to 2. As explained above, in the first 
control cycle, the result of this judgment is NO. 

Then, the control mode selection means 33 
further judges whether or not the absolute value of 
the estimated value z(n) of the side slip angle input 
from the side slip angle calculating means 34 is 
greater than a predetermined value zO. 

When the absolute value of the estimated value 
2(n) of the side slip angle is not greater than the 
predetermined value zO. since it can be considered 
that the vehicle is being driven in a state cor- 
responding to the area S1 shown in Figure 4 where 
the tire cornering force C.F. is substantially propor- 
tional to the absolute value of the estimated value 
z(n) of the side slip angle and that the driving 
condition is stable, the control mode selection 
means 33 outputs a control effecting signal to the 
yaw rate feedback control means 30. 

When the yaw rate feedback control means 30 
receives the. control effecting signal from the con- 
trol nriode selection means 33, it produces the yaw 
rate feedback control signal and outputs it to the 
motor 24 so that the steering angle Xr(n) of the 
rear wheels 3. 3 is controlled so as to make it the 
yaw rate feedback control value Ry(n) calculated in 
accordance with the formula (4). 

On the other hand, when the result of this 
judgment is YES, namely, when the absolute value 
of the estimated value z(n) of the side slip angle is 
greater than a predetermined value zO, since it can 
be considered that the vehicle is being driven in a 
state corresponding to the area S2 in Figure 4, the 
control mode selection means outputs a control 
effecting signal to the side slip angle control nneans 
31. 

When the side slip angle control means 31 
receives the control effecting signal from the con- 
trol mode selection means 33, it calculates the side 
slip angle control value Rz(n) In accordance with 
the formula <6). outputs it to the control mode 
selection means 33 and outputs the side slip angle 
control signal to the motor 24. The side slip angle 
control means 31 then sets the flag J to 2. 

In and after the second control:.cycle, the con- 
trol mode selection means 33 judges whether or 
not the flag J is equal to 1. namely, whether or not 
the steering angle Xr(n) of the rear wheels 3, 3 was 
controlled by the fuzzy control means 32 in the 
preceding control cycle. 

When the result of this judgment is YES. 
namely, when the control mode selection means 33 
judges that the steering angle Xr(n) of the rear 
wheels 3, 3 was controlled by the fussy control 
means 32 in the preceding control cycle, It cal- 
culates the rate of change dXf(n-l) In the steering 



angle Xf(n-1) of the front wheels 2. 2 in the preced- 
ing control cycle and the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2, 2 in 
the current control cycle and judges whether or not 

5 the sign has changed between the rate of change 
dXf(n-l) in the steering angle Xf(n-I) of the front 
wheels 2, 2 in the preceding control cycle and the 
rate of change dXf(n) in the steering angle Xf(n) of 
the front wheels 2, 2 in the current control cycle, 

10 namely, whether or not the steering wheel 1 has 
been turned back. This judgment is made by 
checking the sign of the product of the rate of 
change dXf(n-1) and the rate of change dXf(n). 
When the sign of the product is positive, the 

75 control mode selection means 33 judges that the 
steering wheel 1 has not been turned back, and 
since it Is therefore considered that the steering 
angle Xr(n) of the rear wheels 3, 3 should continue 
to be controlled by the fuzzy control means 32, the 

20 control mode selection means 33 outputs a control 
effecting signal to the fuzzy control means 32. 

On the contrary, when the sign of the product 
of the rate of change dXf(n-l) and the rate of 
change dXf(n) is negative, since it can be consld- 

25 ered that the steering wheel 1 has been turned 
back, the control mode selection means 33 reads 
out the threshold value D1 corresponding to the 
absolute value of the rate of change dXf(n) in the 
steering angle Xf(n) of the front wheels 2. 2 in 

30 accordance with maps or tables determined experi- 
mentally or theoretically and stored therein and 
judges whether or not the absolute value of the 
difference between the fuzzy control value Rf(n) 
calculated by the fuzzy control means 32 and the 

35 yaw rate feedback control value Ry(n) calculated 
by the yaw rate feedback control means 30 is 
equal to or smaller than the threshold value D1. 

When the result of this judgment is YES. since 
it can be considered that the yaw rate feedback 

40 control will be started Immediately, the control 
mode selection means 33 outputs the control effec- 
ting signal to the yaw rate feedback control means 
30 and sets the flag J to zero. The threshold value 
D1 is increased as the absolute value of the rate of 

45 Change dXf<n) in the steering angle Xf(n) of the 
front wheel 2, 2 is increased, namely, as the turn- 
ing rate of the steering wheel 1 increases so that 
when the driver is quickly turning the steering 
wheel 1, the control means for controlling the steer- 
so ing angle Xr<n) of the rear wheels 3, 3 Is changed 
from the fuzzy control means 32 to the yaw rate 
feedback control means 30 even though the ab- 
solute value of the difference between the fuzzy 
control value Rf(n) and the yaw rate feedback con- 

55 trol value Ry(n) is relatively great, and that, on the 
other hand, when the driver is slowly turning the 
steering wheel 1 . the control means for controlling 
the steering angle Xr(n) of the rear wheels 3. 3 is 
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not changed from the fuzzy control means 32 to 
the yaw rate feedback control means 30 until the 
absolute value of the difference between the fuzzy 
control value Rf(n) and the yaw rate feedback con- 
trol value Ry(n) has become extremely small. So, 
when the turning rate of the steering wheel 1 is 
great and the absolute value of the rate of change 
dXf(n) in the steering angle Xf(n) of the front wheel 
2. 2 is great, since the control means for controlling 
the steering angle Xr(n) of the rear wheels 3, 3 is 
changed from the fuzzy control means 32 to the 
yaw rate feedback control means 30 while the 
absolute value of the difference between the fuzzy 
control value Rf{n) and the yaw rate feedback con- 
trot value Ry(n) Is great, the behavior of the vehicle 
is greatly changed. However, in this case, since the 
driver is quickly turning the steering wheel 1 and 
expects that the behavior of the vehicle will t^e 
greatly changed, no problem arises even if the 
control means for controlling the steering angle Xr- 
(n) of the rear wheels 3, 3 Is changed from the 
fuzzy control means 32 to the yaw rate feedback 
control means 30 while the absolute value of the 
difference between the fuzzy control value Rf(n) 
and the yaw rate feedback control value Ry(n) is 
great. Rather, since the fact that the steering wheel 
1 is being turned back means that the control 
means for controlling the steering angle Xr(n) of the 
rear wheels 3, 3 will be changed from the fuzzy 
control means 32 to the yaw rate feedback control 
means 30 in a short time, it is desirable to quickly 
start the yaw rate feedback control for improving 
the driving stability. On the other hand, the driver is 
likely to feel uncomfortable and the riding comfort 
will be lowered, if the behavior of the vehicle is 
greatly changed when he is slowly turning the 
steering wheel 1 and the absolute value of the rate 
of change dXf(n) in the steering angle Xf(n) of the 
front wheels 2, 2 is small. The threshold value D1 
is therefore set to a small value with the intention 
of enabling the control means for controlling the 
steering angle Xr(n) of the rear wheels 3, 3 to be 
smoothly changed from the fuzzy control means 32 
to the yaw rate feedback control means 30. Thus, 
the threshold value D1 is increased as the absolute 
value of the rate of change dXf(n) in the steering 
angle Xf(n) of the front wheels 2. 2 increases and 
the threshold value D1 is decreased as the ab- 
solute value of the rate dXf(n) of change in the 
steering angle Xf(n) of the front wheels 2, 2 de- 
creases. 

On the contrary, when the absolute value of the 
difference between the fuzzy control value Rf(n) 
and the yaw rate feedback control value Ry(n) is 
greater than the threshold value D1 . since it can be 
considered that the steering angle Xr(n) of the rear 
wheels 3. 3 should continue to be controlled by the 
fuzzy control means 32, the control mode selection 



means 33 outputs the control effecting signal to the 
fuzzy control means 32. 

On the other hand, when the flag is not equal 
to 1, similarly to the above, the control mode 
5 selection means 33 judges whether or not the 
absolute value of the deviation E(n) between the 
target yaw rate Yo{n) and the detected yaw rate Y- 
(n) is greater than the predetermined value EO and 
whether or not the absolute value of the rate of 

10 change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO. 

When the result of this judgment is YES, simi- 
larly to the above, the control mode selection 
means 33 outputs the control effecting signal to the 

;5 fuzzy control means 32. 

On the contrary, when the control mode selec- 
tion means 33 judges that the absolute value of the 
deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) is not greater than 

20 the predetermined value EO or that the absolute 
value of the rate of change dE(n) in the deviation 
E(n) Is not greater than the predetermined value 
dEO, it further judges whether or not the flag J is 
equal to 2, namely, whether or not the steering 

25 angle Xr(n) of the rear wheels 3, 3 was controlled 
by the side slip angle control means 31 in the 
preceding control cycle. 

When the result of this judgment is NO, the 
control mode selection means 33 judges whether 

30 or not the absolute value of the estimated value z- 
(n) of the side slip angle input from the side slip 
angle calculating means 34 is greater than the 
predetermined value zO and outputs the control 
effecting signal to the side slip angle control means 
.35 31 or the yaw rate feedback control means 30 
depending upon the result of this judgment, so as 
to cause one of them to control the steering angle 
Xr(n) of the rear wheels 3, 3. 

On the contrary, when the result of the judg- 

40 ment is YES, namely, when the control mode se- 
lection means 33 judges that the steering angle Xr- 
(n) of the rear wheels 3, 3 was controlled by the 
side slip angle control means 31 in the preceding 
control cycle, it calculates the rate of change dXf(n- 

45 1) in the steering angle Xf(n-I) of the front wheels 
2, 2 in the preceding control cycle and the rate of 
change dXf(n) in the steering angle Xf(n) of the 
front wheels 2, 2 in the current control cycle and 
judges whether or not the sign has changed be- 
so tween the rate of change dXf(n-l) in the steering 
angle Xf(h-I) of the front wheels 2, 2 in the preced- 
ing control cycle and the rate of change dXf(n) in 
the steering angle Xf(n) of the front wheels 2. 2 In 
the current control cycle, namely, whether or not 

55 the steering wheel 1 has been turned back, this 
judgment being made on the basis of the sign of 
the product of the rate of change dXf(n-l) and the 
rate of change dXf(n). . 

40 
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When the sign of the product is positive, the 
control mode selection means 33 judges that the 
steering wheel 1 has not been turned back, and 
since it is therefore considered that the steering 
angle Xr(n) of the rear wheels 3, 3 should continue 5 
to be controHed by the side slip angle control 
means 31, the control mode selection means 33 
outputs a control effecting signal to the side slip 
angle control means 32. 

On the contrary, when the sign of the product io 
of the rate of change dXf(n-l) and the rate of 
change dXf(n) is negative, since it can be consid- 
ered that the steering wheel 1 has been turned 
back, the control mode selection means 33 reads 
out the threshold value D2 corresponding to the /5 
absolute value of the rate of change dXf(n) in the 
steering angle Xf(n) of the front wheels 2. 2 in 
accordance with maps or tables determined experi- 
mentally or theoretically and stored therein and 
judges whether or not the absolute value of the 20 
difference between the side slip angle control value 
Rz(n) calculated by the side slip angle calculating 
means 34 and the yaw rate feedback control value 
Ry(n) calculated by the yaw rate feedback control 
means 30 is equal to or smaller than the threshold 25 
value D2. 

When the result of this judgment is YES. since 
it can be considered that the yaw rate feedback 
control will be started immediately, the control 
mode selection means 33 outputs the control effec- 30 
ting signal to the yaw rate feedback control mearis 
30 and sets the flag J to zero. The threshold value 
D2 is Increased as the absolute value of the rate of 
change dXf(n) in the steering angle Xf(n) of the 
front wheel 2, 2 increases, namely, as the turning 35 
rate of the steering wheel 1 increases so that when 
the driver is quickly turning the steering wheel 1, 
the control means for controlling the steering angle 
Xr(n) of the rear wheels 3, 3 is changed from the 
side slip angle control means 31 to the yaw rate 40 
feedback control means 30 even though the ab- 
solute value of the difference between the side slip 
angle control value Rz(n) and the yaw rate feed- 
back control value Ry(n) is relatively great, and 
that, on the other hand, when the driver is slowly 45 
turning the steering wheel 1 . the control means for 
controlling the steering angle Xr(n) of the rear 
' wheels 3, 3 is not changed from the side slip angle 
control means 31 to the yaw rate feedback control 
means 30 until the absolute value of the difference so 
between the side slip angle control value Rz(n) and 
the yaw rate feedback control value Ry(n) has 
become extremely small. So, when the turning rate 
of the steering wheel 1 is great and the absolute 
value of the rate of change dXf(n) in the steering 55 
angle Xf(n) of the front wheel 2, 2 is great, since 
the control means for controlling the steering angle 
Xr(n) of the rear wheels 3, 3 is changed from the 



side slip angle control means 31 to the yaw rate 
feedback control means 30 while the absolute val- 
ue of the difference between the side slip angle 
control value Ry(n) and the yaw rate feedback 
control value Ry(n) is great, the behavior of the 
vehicle is greatly changed. However, in this case, 
since the driver is quickly turning the steering 
wheel 1 and expects that the behavior of the ve* 
hide will be greatly changed, no problem occurs, 
even if the control means for controlling the steer- 
ing angle Xr(n) of the rear wheels 3. 3 is changed 
from the side slip angle control means 31 to the 
yaw rate feedback control means 30 while the 
absolute value of the difference between the side 
slip angle control value Rz(n) and the yaw rate 
feedback control value Ry(n) is great. Rather, since 
the fact that the steering wheer 1 is being turned 
back means that the control means for controlling 
the steering angle Xr(n) of the rear wheels 3. 3 will 
be changed from the side slip angle control means 
31 to the yaw rate feedback control means 30 in a 
short time, it Is desirable to quickly start the yaw 
rate feedback control for improving the driving, sta- 
bility. On the other hand, when the driver is likely 
to feel uncomfortable and the riding comfort will be 
lowered, if the behavior of the vehicle is greatly 
changed when he is slowly turning the steering 
wheel 1 and the absolute value of the rate of 
change dXf<n) in the steering angle Xf(n) of the 
front wheels 2, 2 Is small. The threshold value D2 
Is therefore set to a small value with the intention 
of enabling the control means for controlling the 
steering angle Xr(n) of the rear wheels 3, 3 to be 
smoothly changed from the side slip angle control 
means 31 to the yaw rate feedback control means 
30. Thus, the threshold value D2 is increased as 
the absolute value of the rate of change dXf{n) in 
the steering angle Xf(n) of the front wheels 2, 2 
increases and the threshold value D2 is decreased 
as the absolute value of the rate of change dXf(n) 
in the steering angle Xf(n) of the front wheels 2, 2 
decreases. 

On the contrary, when the absolute value of the 
difference between the side slip angle control value 
R2(n) and the yaw rate feedback control value Ry- 
(n) is greater than the threshold value D2. since it 
can be considered that the steering angle Xr(n) of 
the rear wheels 3, 3 should continue to be con- 
trolled by the side slip angle control means 31, the 
control mode selection means 33 outputs the con- 
trol effecting signal to the side slip angle control 
means 31 . 

The above described control is repeated at 
predetermined time Intervals and the rear wheels 3, 
3 are steered accordingly. 

According to this embodiment, since the rear 
wheels 3, 3 are steered by the yaw rate feedback 
control means 30 in the stable driving state cor- 
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responding to the area SI so as to make the 
detected yaw rate Y(n) become equal to the target 
yaw rate Yo(n) determined based upon the steering 
angle of the steering wheel 1 , it is possible to steer 
the rear wheels 3. 3 in a desired manner. On the s 
other hand, since the rear wheels 3. 3 are steered 
by the side slip angle control means 31 in the state 
where the absolute value of the estimated value z- 
(n) of the side slip angle is greater than the pre- 
determined value zO and the vehicle is being io 
sharply turned and subjected to a large lateral 
acceleration GL(n), in such a manner that the great- 
er the estimated value z(n) of the side slip, angle is, 
the more the rear wheels 3, 3 are steered in the 
same ^ phase as that of the front wheels 2, 2. is 
namely, in the same direction as that of the front 
wheels 2. 2 with respect to the longitudinal center 
line of the vehicle, it is possible to prevent the rear 
wheels 3, 3 from being steered in the reverse 
phase with respect to that of the front wheels 2, 2 20 
by the yaw rate feedback control means 30 and 
prevent the driving stability from being lowered. 
Furthermore, in the state corresponding to the area 
S3 where the absolute value of the deviation E(n) 
between the target yaw rate Yo(n) and the detected . 25 
yaw rate Y(n) is greater than the predetermined 
value EO and the absolute value of the rate of 
change dE(n) in the deviation E(n) is greater than 
the predetermined value dEO, in other words, when 
the vehicle is turning extremely sharply and there 30 
is considerable risk of excessive oversteering, * 
since the rear wheels 3, 3 are steered by the fuzzy 
control means 32 so as to reduce the absolute 
value of the rate of change dY(n) in the detected 
yaw rate Y(n), it is possible to improve the driving 35 
stability even in this unstable state without a large 
computer. Moreover, since when the steering wheel 
1 is turned back in the opposite direction while the 
steering angle Xr(n) of the rear wheels 3, 3 is being 
controlled by the side slip angle control means 31, 40 
it can be considered that the steering angle Xr(n) of 
the rear wheels 3, 3 will be controlled by the yaw 
rate feedback control means 30 in a short time, this 
embodiment is arranged such that, even when the 
absolute value of the estimated value z(n) of the 45 
side slip angle becomes equal to or smaller than 
the predetermined value zO, if the steering wheel 1 
is turned back in the opposite direction and the 
absolute value of the difference between the side 
slip angle control value Rz(n) calculated by the so 
side slip angle control means 31 and the yaw 
feedback control value Ry(n) calculated by the yaw 
feedback control means 30 becomes lower than 
the threshold value D2. the control means for con- 
trolling the steering angle Xr(n) of the rear wheels ss 
3. 3 is changed from the side slip angle control 
means 31 to the yaw feedback control means 30 
and the threshold value D2 is increases as the 



absolute value of the rate of change dXf(n) in the 
steering angle Xf(n) of the front wheels 2, 2 in- 
creases and the threshold valiie D2 is decreased 
as the absolute value of the rate of change dXf(n) 
in the steering angle Xf(n) of the front wheels 2. 2 
decreases. Therefore, in a situation where the driv- 
er is quickly turning the steering wheel 1 and 
expects that the behavior of the vehicle will be 
greatly changed, since the yaw rate feedback con- 
trol is started when the absolute value of the dif- 
ference t^etween the side slip angle control value 
R2(n) and the yaw feedback control value Ry(n) 
becomes relatively large, it is possible to improve 
the driving stability. On the other hand, when the 
driver is slowly turning the steering wheel 1 , since 
the yaw rate feedback control is not started until 
the absolute value of the difference between the 
side slip angle control value Rz(n) and the yaw 
feedback control value Ry(n) becomes extremely 
small, the behavior of the vehicle can be prevented 
from being greatly changed on changing the con- 
trol means for controlling the steering angle Xr(n) 
of the rear wheels 3, 3 and it is possible to simulta- 
neously improve the driving stability and the riding 
comfort without making the driver feel uncomfort- 
able. Further, since when the steering wheel 1 is 
turned back in the opposite direction while the 
steering angle Xr(n) of the rear wheels 3. 3 is being 
controlled by the fuzzy control means 32, it can be 
considered that the steering angle Xr(n) of the rear 
wheels 3, 3 will be controlled by the yaw rate 
feedback control means 30 in a short time, this 
embodiment is arranged such that, even when the 
absolute value of the deviation E(n) between the 
target yaw rate Yo(n) and the detected yaw rate Y- 
(n) does not become equal to or smaller than the 
predetermined value EO and the rate of change dE- 
(n) in the deviation E(n) does not become equal to 
or smaller than the predetermined value dEO, if the 
steering wheel 1 is turned back in the opposite 
direction and the absolute value of the difference 
between the side slip angle control value Rf(n) 
calculated by the fuzzy control means 32 and the 
yaw feedback control value Ry(n) calculated by the 
yaw feedback control means 30 becomes lower 
than the threshold value D1, the control means for 
controlling the steering angle Xr{n) of the rear 
wheels 3. 3 is changed from the fuzzy control 
means 32 to the yaw feedback control means 30 
and the threshold value Dl is increased as the 
absolute value of the rate of change dXf(n) in the 
steering angle Xf(n) of the front wheels 2. 2 in- 
creases and the threshold value Dl is decreased 
as the absolute value of the rate of change dXf(n) 
in the steering angle Xf(n) of the front wheels 2, 2 
decreases. Therefore, in a situation where the driv- 
er is quickly turning the steering hand 1 and ex- 
pects that the behavior of the vehicle will be greatly 
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changed, since the yaw rate feedback control is 
started when the absolute value of the difference 
between the fuzzy control value Rf(n) and the yaw 
feedback control value Ry(n) becomes relatively 
large, it is possible to improve the driving stability. 
On the other hand, when the driver is slowly turn- 
ing the steering wheel 1, since the yaw rate feed- 
back control is not started until the absolute value 
of the difference between the fuzzy control value 
Rf(n) and the yaw feedback control value Ry(n) 
becomes extremely small, the behavior of the ve- 
hicle can be prevented from being greatly changed 
on changing the control means for controlling the 
steering angle Xr(n) of the rear wheels 3, 3 and it is 
possible to simultaneously improve the driving sta- 
bility and the riding comfort without making the 
driver feel uncomfortable. 

The present invention has thus been shown 
and described with reference to specific embodi- 
ments. However, it should be noted that the 
present invention is in no way limited to the details 
of the described arrangements but changes and 
modifications may be made without departing from 
the scope of the appended claims. 

For example, in the above described embodi- 
ments, although the control unit 29 comprises the 
yaw rate feedback control means 30, the side slip 
angle control means 31 and the fuzzy control 
means 32 as the control means for controlling the 
steering angle of the rear wheels 3, 3, if a com- 
puter having a quick response speed is employed, 
the steering angle of the rear wheels 3, 3 can be 
controlled by the side slip angle control means 31 
under the state where the steering angle of the rear 
wheels 3. 3 is controlled by the fuzzy control 
means 32 in the above described embodiments 
and if an appropriate membership function is deter- 
mined, the steering angle of the rear wheels 3, 3 
can be controlled by the fuzzy control means 32 
under the state where the steering angle of the rear 
wheels 3, 3 is controlled by the side slip angle 
control means 31 in the above described embodi- 
ments. 

Further, in the above described embodiments, 
although the control means for controlling the 
steering angle of the rear wheels 3, 3 is changed 
from the yaw rate feedback control means 30 to 
the side slip angle control means 31 when the 
absolute value of the estimated value z of the side 
slip angle becomes greater than the predetermined 
value zO. the ratio between the steering angle Xr of 
the rear wheels 3, 3 and the steering angle Xf of 
the front wheels 2. 2 may be fixed under the state 
where the absolute value of the estimated value z 
of the side slip angle becomes greater than the 
predetermined value zO. 

Furthermore, in the above described embodi- 
ments,, although the value zO is set to be constant. 



the value zO may be changed depending upon the 
vehicle speed V, the lateral acceleration GL and 
the like. Figure 25 is a flow chart showing an 
example of a method for determining the value zO 

5 as a function of the vehicle speed V and the lateral 
acceleration GL. In Figure 25. the value zO is 
determined by the side slip angle calculating 
means 34 based on a threshold value zt, a coeffi- 
cient jv dependent on the vehicle speed V and a 

10 coefficient jg dependent on the lateral acceleration 
GL, in accordance with the following formula (13). 

zO = jvxjgxzt. (13) 

15 

More specifically, at first, the coefficient jv is 
determined as a function of the vehicle speed V. 
The coefficient jv is set so as to converge on 1.0 
as the vehicle speed V becomes greater. This is 

20 because the side slip angle control can be effected 
at a low absolute value of the estimated value 2(n) 
of the side slip angle since the driver tends to feel 
anxious as the vehicle speed becomes greater. 
The coefficient jg is then determined as a function 

25 of the lateral acceleration GL. In Figure 25. the 
coefficient jg is set so as to converge on 1 .0 as the 
lateral acceleration GL becomes greater. This is 
because the side slip angle control can be effected 
at a low absolute value of the estimated value z(n) 

30 of the side slip angle when the vehicle is being 
driven on a road having a low road surface friction 
coefficient. In Figure 25, although the value zO is 
determined as a function of the vehicle speed V 
and the lateral acceleration GL only, it may be 

35 determined as a function not only of these but also 
of other driving parameters or as a function of othei- 
driving parameters only. 

Moreover, in the above described embodi- 
ments, although the yaw rate sensor 42 is used as 

40 the turning state detecting means for detecting the 
yaw rate Y. the yaw rate Y may be calculated from 
the lateral acceleration GL detected by the lateral 
acceleration sensor 43, or from the vehicle speed V 
detected by the vehicle speed sensor 40 and the 

45 steering angle Xf of the front wheels 2, 2 detected 
by the steering angle sensor 41. Further, the yaw 
rate Y may be calculated .^rom the vehicle speed V 
detected by the vehicle speed sensor 40 and the 
steering angle Xf of the front wheels 2. 2 detected 

50 by the steering angle sensor 41 without employing 
the lateral acceleration sensor 43. 

Furthermore, the formula (1) for estimating the 
value 2 of the slip angle and the formula (2) for 
calculating the target yaw rate Yo in the above 

55 descril)ed embodiments are merely examples. The 
estimated value z of the slip angle can instead be 
calculated by the Karman filter method, the ob- 
server method or the like and the target yaw rate 
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Yo can be calculated using other calculation for- 
mulae. Further, as the sensors for detecting the 
driving conditions of the vehicle, appropriate sen- 
sors may be selected as occasion demands and, 
therefore, it is not absolutely necessary to use all 
of the vehicle speed sensor 40, the steering angle 
sensor 41. the yaw rate sensor 42 and the lateral 
acceleration sensor 43 but other sensors may be 
used. 

Moreover, in the above described embodi- 
ments, although control of the steering angle Xr of 
the rear wheels 3. 3 is effected by fuzzy control 
when the absolute value of the deviation E between 
the target yaw rate Yo and the detected yaw rate Y 
is greater than the predetermined value EO and the 
absolute value of the rate of change dE in the 
deviation E is greater than the predetermined value 
dEO, control of the steering angle Xr of the rear 
wheels 3,. 3 may be effected by fuzzy control when 
the absolute value of the deviation E between the 
target yaw rate Yo and the detected yaw rate Y is 
greater than the predetermined value EO or when 
the absolute value of the rate of change dE in the 
deviation E is greater than the predetermined value 
dEO. Further, in the above described embodiments, 
although the membership function for the fuzzy 
control is determined as a function of the deviation 
E between the target yaw rate Yo and the detected 
yaw rate Y and the rate of change dE in the 
deviation E, it is sufficient to determine the mem- 
bership function as a function of the target yaw rate 
Yo and the detected yaw rate Y and the member- 
ship function may be determined as a function of 
one of the deviation E and the rate of change dE in 
the deviation E. Still further, control of the steering 
angle Xr of the rear wheels 3, 3 may be effected 
by fuzzy control when the absolute value of the 
lateral acceleration GL Is greater than a predeter- 
mined value irrespective of the deviation E and the 
rate of change dE In the deviation E. Moreover, the 
membership function may be determined as a 
function of the lateral acceleration GL and/or the 
rate of change thereof, or the steering angle Xf. the 
changing speed of the steering angle Xr and the 
rate of change in the changing speed of the steer- 
ing angle Xf. 

Further, in the embodiment shown in Figure 5, 
even in the case where the control mode selection 
means 33 judges that the fuzzy control or the side 
slip angle control ' should be effected, if the ab- 
solute value of the detected yaw rate Y(n) in the 
current control cycle is smaller than that of the 
detected yaw rate Y(n-1) in the preceding control 
cycle and the absolute value of the steering angle 
Xf(n) in the current control cycle is smaller than 
that of the steering angle Xf{n-1) ir> the preceding 
control cycle, the control mode selection means 33 
judges that the control means for controlling the 



steering angle Xr(n) of the rear wheels 3, 3 will be 
changed from the fuzzy control or the side slip 
angle control to the yaw rate feedback control 
means 30 in a short time and causes the yaw rate 

5 feedback control means 30 to immediately control 
the steering angle Xr(n) of the rear wheels 3, 3. 
However, it is alternatively possible to use an ar- 
rangement wherein, if the absolute value of the 
detected yaw rate Y{n) in the current control cycle 

70 is smaller than that of the detected yaw rate Y(n-1) 
in the preceding control cycle, the control mode 
selection means 33 judges that the control means 
for controlling the steering angle Xr(n) of the rear 
wheels 3. 3 will be changed from the fuzzy control 

75 or the side slip angle control to the yaw rate 
feedback control means 30 in a short time and 
causes the yaw rate feedback control means 30 to 
immediately control the steering angle Xr(n) of the 
rear wheels 3. 3, or if the absolute value of the 

20 deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) In the current 
control cycle is smaller than that of the deviation E- 
(n-1) in the preceding control cycle, the control 
mode selection means 33 judges that the control 

25 means for controlling the steering angle Xr(h) of the 
rear wheels 3. 3 will be changed from the fuzzy 
control or the side slip angle control to the yaw rate 
feedback control means 30 In a short lime and 
causes the yaw rate feedback control means 30 to 

30 immediately control the steering angle Xr(n) of the 
rear wheels 3, 3. 

Furthermore, In the above described embodi- 
ments, it was explained that the steering angle Xr 
of the rear wheels 3, 3 is controlled by the fuzzy 

35 control means 32 in the area S3 in Figure 4. 
However, the relationship between the tire corner- 
ing force C.F. and the absolute value of the es- 
timated value z of the side slip angle is changed 
depending on the road surface friction coefficient 

40 as shown in Figure 4 and, therefore, when the 
vehicle is driven on a road having a medium or 
greater road surface friction coefficient, it can be 
driven only in the areas Si and S2 and cannot be 
driven in the area S3. As a result, the fuzzy control 

45 is not necessarily effected. On the other hand, if 
the vehicle is driven on a road having a low road 
surface friction coefficient, the area S2 where the 
side slip angle control is effected is very narrow, as 
shown in Figure -4. and, as a result, the fuzzy 

50 control can be immediately effected without (effec- 
ting the side slip angle control since there is ade- 
quate time to effect the side slip angle control. 

Moreover, in the embodiment shown in Figure 
7, XrLl(n) is used indiscriminately as the first limit 

55 value when the control means for controlling the 
steering angle Xr(n) of the rear wheels 3. 3 is 
changed from the yaw rate feedback control means 
30 to the fuzzy control means 32, from the side, slip 
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angle control means 31 to the fuzzy control means 
32, from the side slip angle control means 31 to 
the yaw rate feedback control means 30, from the 
fuzzy control means 32 to the yaw rate feedback 
control nneans 30, or from the fuzzy control means 
32 to the side slip angle control means 31 In the 
current control cycle. However, different limit val- 
ues may be used for each individual case or dif- 
ferent limit values may be used only in some 
cases. Further, the graphs of Figures 8 and 9 
merely show examples of the relationship between 
the first limit value XrL1{n), the second limit value 
XrL2(n), the lateral acceleration GL, the road sur- 
face friction coefficient and the rate of change dXf 
in the steering angle Xf of the front wheels 2, 2. 
Therefore, it is not absolutely necessary to deter- 
mine the relationship therebetween as shown in 
Figures 8 and 9 and the relationship may be deter- 
mined in some other desired manner. 

Furthermore, in the embodiment shown in Fig- 
ure 7, although the first limit value. XrL1(n) and the 
second limit value XrL2(n) are determined based 
on the lateral acceleration GL. the road surface 
friction coefficient and the rate of change dXf in the 
steering angle Xf of the front wheels 2. 2, alter- 
natively the first limit value XrL1(n) and the second 
limit value XrL2(n) may be determined based partly 
or wholly on other driving conditions. 

Further, in the enribodiment shown in Figures 
10 and 11. when the steering angle restricting 
means 35 judges that the steering wheel 1 once 
turned in one direction, causing the target yaw rate 
Yo(n) and the detected yaw rate Y(n) to begin to 
increase, has been turned back in the other direc- 
tion, causing the target yaw rate Yo(n) to begin to 
decrease, but further judges that since the de- 
tected yaw rate Y(n) is still increasing due to the 
delay of control, the absolute value of the deviation 
E(n) between the target yaw rate Yo(n) and the 
detected yaw rate Y(n) is greater than the predeter- 
mined value E1 and the absolute value of deviation 
E(n) is further increasing, it then controls the steer- 
ing angle Xr(n) of the rear wheels 3, 3 so as to 
make it equal to the steering angle Xr(n-1) in the 
preceding control cycle. However, it is sufficient for 
the rear wheels 3. 3 to be steered at a steering rate 
lower than the steering rate calculated by the yaw 
rate feed back control means 30, the side slip 
angle control means 31 or the fuzzy control means 
32. whichever is selected by the control mode 
selection means 33. and it Is not absolutely neces- 
sary to hold the steering angle Xr(n) constant. 

Furthermore, in the embodiment shown in Fig- 
ures 10 and 11, when the steering angle restricting 
means 35 judges that the steering wheel 1 once 
turned In one direction, causing the target yaw rate 
Yo(n) and the detected yaw rate Y(n) to begin to 
increase, has been turned back in the other direc- 



tion, causing the target yaw rate Yo(n) to begin to 
decrease, but further judges that since the de- 
tected yaw rate Y(n) is still increasing due to the 
delay of control, the absolute value of the deviation 

5 E(n) between the target yaw rate Yo(n) and the 
detected yaw rate Y(n) Is greater than the predeter- 
mined value El and the absolute value of deviation 
E(n) is further Increasing, it then controls the steer- 
ing angle Xr(n) of the rear wheels 3, 3 so as to 

10 make It equal to the steering angle Xr(n-l) in the 
preceding control cycle and when the detected . 
yaw rate Y(n) thereafter goes over Its peak value 
and stops increasing, the yaw rate feedback control 
is immediately effected even though the control 

15 mode selection means 33 has output a control 
signal to the side slip angle control means 31 or 
the fuzzy control means 32. Alternatively, however, 
the steering angle Xr{n) of the rear wheels 3. 3 
may be controlled by the control means selected 

20 by the control mode selection means 33 at the 
time the detected yaw rate Y{n) begins to decrease 
and it Is not absolutely necessary to force the yaw 
rate feedback control means 30 to control the 
steering angle Xr(n) of the rear wheels 3, 3. if there 

25 Is little risk of the driving stability being lowered. 

Moreover, in the embodiment shown in Figure 
13, after the steering wheel 1 once turned in one 
direction, causing the target yaw rate Yo(n) and the 
detected yaw rate Y{n) to begin to increase, has 

30 been turned back in the other direction, causing the 
target yaw rate- Yo(n) to begin to decrease, but, 
owing to the delay of control, not causing the 
increase in the detected yaw rate Y(n) to stop, so 
that the absolute value of the deviation E(n) be- 

35 tween the target yaw rate Yo(n) and the detected 
yaw rate Y(n) is greater than the predetermined 
value E2 and the absolute value of the rate dE(n) of 
change of the deviation E(n) is greater than the 
predetermined value dEl, the steering angle re- 

40 stricting means 35 controls the steering angle Xr(n) 
of the rear wheels 3, 3 so that the steering amount 
of the rear wheels 3, 3 becomes maximum and the 
detected yaw rate Y(n) decreases and thereafter 
when the detected yaw rate Y(n) goes over Its peak 

45 value and stops increasing, the yaw rate feedback 
control is immediately effected even though the 
control mode selection means 33 has output a 

" control signal to the side slip angle control means 
31 or the fuzzy control means 32. Alternatively. 

so however, the steering angle Xr(n) of the rear 
wheels 3, 3 may be controlled by the control 
means selected by the control mode selection 
means 33 at the lime the detected yaw rate Y(n) 
begins to decrease and it is not absolutely neces- 

55 sary to force the yaw rate feedback control means 
30 to control the steering angle Xr(n) of the rear 
wheels 3, 3, if there is little risk of the driving 
stability being lowered. 

45 
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Further, in the embodiment shown in Figure 13, 
although it is made a condition for controlling the 
steering angle Xr(n) of the rear wheels 3, 3 by the 
steering angle restricting means 35 and also for 
controlling it by the fuzzy control means 32 that the 
absolute value of the deviation E(n) exceeds the 
predetermined value EC, it is sufficient to make it a 
condition for controlling the steering angle Xr(n) of 
the rear .wheels 3, 3 by the fuzzy control means 32 
that the rate of change dE(n) in the deviation E(n) 
between the target yaw rate Yo(n) and the detected 
yaw rate Y(n) Is greater than the predetermined 
value dEO and make it a condition for controlling 
the steering angle Xr(n) of the rear wheels 3. 3 by 
the steering angle restricting means 35 that the 
rate dE(n) of change in the deviation E(n) between 
the target yaw rate Yo(n) and the detected yaw rate 
Y(n) is greater than the predetermined value dEI 
greater than the predetermined value dEO. There- 
fore, it is possible to make it a condition for control- 
ling the steering angle Xr<n) of the rear wheels 3, 3 
by fuzzy control means 32 that the rate of change 
dE(n) in the deviation E<n) between the target yaw 
rate Yo(n) and the detected yaw rate Y(n) is greater 
than the predetermined value dE3 and make it a 
condition for controlling the steering angle Xr(n) of 
the rear wheels 3, 3 by the steering angle restrict- 
ing means 35 that the rate of change dE(n) in the 
deviation E(n) between the target yaw rate Yo(n) 
and the detected yaw rate Y(n) is greater than the 
predetermined value dE4 greater than the predeter- 
mined value dE3. 

Furthermore, in the embodiment shown in Fig- 
ure 16, although the correction coefficient CI is set 
in accordance with the map shown in Figure 16, 
this is only one example and the method for setting 
the correction coefficient CI is not limited to that 
shown In Figure 16. Therefore, the correction co- 
efficient CI may be set to correct the membership 
function of the fuzzy control means 32 so that the 
fuzzy control value for the steering angle Xr(n) of 
the rear wheels 3, 3 linearly or non-linearly in- 
creases as the absolute value of the lateral accel- 
eration GL(n) decreases or be set to correct the 
membership function of the fuzzy control means 32 
so that the fuzzy control value for the steering 
angle Xr(n),o.f the rear wheels 3, 3 is constant when 
the absolute value of the lateral acceleration GL(n) 
is greater than a predetermined value and the 
correction coefficient CI linearly or non-linearly in- 
creases as the absolute value of the lateral accel- 
eration GL(n) decreases when the absolute value of 
the lateral acceleration GL(n) is not greater than the 
predetermined value. 

Moreover, although the conclusion portion of 
the membership function of the fuzzy control 
means 32 is corrected by using the correction 
coefficient CI calculated by the function correcting 



means 36 in the embodiment shown in Figure 16 
and the antecedent portion of the membership 
function of the fuzzy control means 32 Is corrected 
by the function correcting means 36, the function 

5 correcting means 36 may be constituted so as to 
output a corirection signal for correcting the ante- 
cedent portion and the conclusion portion of the 
membership function of the fuzzy control means 32 
in accordance with the absolute value of the lateral 

10 acceleration GL(n). or it is possible to constitute the 
fuzzy control means 32 so as to store a plurality of 
membership functions differing either their ante- 
cedent portion or. their conclusion portion or differ- 
ing in both their antecedent portion and their con- 

15 elusion portion and constitute the function correct- 
ing means 36 so as to select particular member- 
ship function(s) among them in accordance with 
the absolute value of the lateral acceleration GL(n). 
Further, in the embodiments shown in Figures 

20 16 and 17, although the antecedent portion and/or 
the conclusion portion of the membership function 
of the fuzzy control means 32 is corrected based 
upon the lateral acceleration GL(n}, it is possible to 
directly detect the road surface friction coefficient 

25 by means of laser or the like and correct the 
antecedent portion and/or the conclusion portion of 
the membership function of the fuzzy control 
means 32 so that the control value for the steering 
angle Xr(n) of the rear wheels 3, 3 becomes great- 

30 er as the road surface friction coefficient becomes 
lower. In this case, for correcting the antecedent 
portion and/or the conclusion portion of the mem- 
bership function of the fuzzy control means 32 so 
that the control value for the steering angle Xr(n) of 

35 the rear wheels 3, 3 linearly increases as the road 
surface friction coefficient decreases, the member- 
ship function may be corrected so that the control 
value for the steering angle Xr(n) of the rear wheels 
3, 3 linearly increases as the road surface friction 

40 coefficient decreases, the membership function 
may be corrected so that the control value for the 
steering angle Xr(n) of the rear wheels 3, 3 non- 
linearly Increases as the road surface friction coeffi- 
cient decreases, or the membership function may 

45 be corrected so that the control value for the steer- 
ing angle Xr(n) of the rear wheels 3, 3 remains 
constant when the road surface coefficient is great- 
er than a predetermined value and that it linearly or 
non-linearly increases as the road surface friction 

50 coefficient decreases when the road surface friction 
coefficient is not greater than the predetermined 
value. 

Stilt further, in the embodiment shown in Fig- 
ures 22 and 23. when the correction signal is 
55 ' output from the control value correcting means 38. 
the side slip angle control means 31 corrects, the 
side slip angle control value Rz(n) so as to become 
greater or smaller by .a steering angle proportional 
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to the absolute value of the rate of change dz(n) of 
the estimated value z(n) of the side slip angle. 
{However . the correction value for correcting the 
side slip angle control value Rz(n) need not nec- 
essarily be proportional to the absolute value of the 5 
rate of change dz(n) of the estimated value z(n) of 
the side slip angle and it is possible to experimen- 
tally or theoretically determine the correction value 
for correcting the side slip angle control value Rz- 
(n) and store it in the control value correcting io 
means 38 or the side slip angle control means 31 
in the form, of a map or table, and to retrieve from 
the map or table the correcting value correspond- 
ing to the absolute value of the rate of change dz- 
(n) of the estimated value z(n) of the side slip is 
angle. 

Bezugszelchenliste 



V vehicle speed/rate 

Xr steering angle (for rear wheels 3) 
Xf steering angle (for front wheels 2) 

Y yaw rate 

Yo target yaw rate 

dY rate of change (of Y) 

z side slip angle 

zO predetermined value 

Rz side slip angle control value 

steering angle detecting means 
steering angle of a steering wheel 
steering angle control means 
control means 

lateral accelaration detecting means 
function correcting means 
road surface friction coefficient 
road surface friction coefftctent detect* 
ing means 



1 


steering wheel 


20 


2 


front wheel 




3 


rear wheel 




10 


front wheel steering system 




1 1 


tie rod 




12 


knuckle arm 


25 


13 


relay rod 




14 


steering gear mechanism 
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rear wheel steering system 




21 


tie rod 




22 


knuckle arm 


30 


23 


relay rod 




24 


motor " 




25 


speed reducing mechanism 




26 


clutch 




27 


steering gear mechanism 
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28 


centering spring 




29 


control unit (for motor 24) 




30 


yaw rate feedback control means 




31 


side slip angle control means 




32 


fuzzy control means 


40 


33 


control mode selection means 




34 


side slip angle calculating means 




35 


steering angle restricting means 




36 


function correcting means 




37 


function correcting means 
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38 


control value correcting means 




40 


vehicle speed/rate sensor 




41 


steering angle sensor 




42 


yaw rate sensor 
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lateral accelaration sensor 


50 


E 


deviation 




dE 


absolute value of the rate of change (of 
E) 




EO 


predetermined value 




dEO 


predetermined value 
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GL 


lateral accelaration 




Rf 


fuzzy control value 




Ry 


yaw rate feedback value/amount 





Claims 

1. A rear wheel steering system for a vehicle 
comprising turning state detecting means for 
physically detecting turning state of the vehicle 
and yaw rate feedback control means (30) for 
controlling a steering angle (Xr) of rear wheels 
(3) so that a yaw rate (Y) detected by the 
turning state detecting means is made equal to 
a target yaw rate (Yo). said rear wheel steering 
system further comprising a second rear wheel 
steering angle control means adapted for con- 
trolling the steering angle (Xr) of the rear 
wheels (3) based on a control mode different 
from that of the yaw rate feedback control 
means (30) and a control mode selection 
means (33) adapted for causing the second 
rear wheel steering angle control means to 
control the steering angle (Xr) off the rear 
wheels (3) when the vehicle is turning with a 
turning radius smaller than a first predeter- 
mined turning radius and causing the yaw rate 
feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when 
the vehicle is turning with a turning radius 
equal to or greater than the first predetermined 
tuming radius. 

2. A rear wheel steering system for' a ^i^ehicle in 
accordance with Claim 1 further comprising 
side slip angle calculating means (34) for es- 
timating a side slip angle (z) of the vehicle, 
and the second rear wheel steering angle con- 
trol means being constituted as a side slip 
angle control means (31) adapted for control- 
ling the steering angle (Xr) of the rear wheels 
(3) to decrease an absolute value of the es- 
timated tf\e side slip angle (z) calculated by 
the side slip angle calculating means (34). 
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3. A rear wheel steering system for a vehicle in 
accordance with Claim 1 wherein the second 
rear wheel steering angle control means is 
constituted as a fuzzy control means (32) 
adapted for controlling the steering angle (Xr) 
of the rear wheels (3) based on fuzzy control 
to decrease an absolute value of a rate of 
change (dY) In the detected yaw rate (Y). 

4. A rear wheel steering system for a vehicle in 
accordance with Claim 3 wherein the fuzzy 
control means (32) is adapted for controlling 
the rear wheels (3) based on a deviation (E) 
between the target yaw rate (Yo) and the de- 
tected yaw rate (Y) and/or a rate of change 
(dE) in the deviation (E) to decrease the ab- 
solute value of the rate of change (dY) in the 
detected yaw rate (Y). 

5. A rear wheel steering system for a vehicle in 
accordance with Claim 3 wherein the fuzzy 
control means (32) is adapted for controlling 
the rear wheels (3) when an absolute value of 
the deviation (E) between the target yaw rate 
(Yo) and the detected yaw rate (Y) is greater 

• than a predetermined value (EG) and/or an 
absolute value of the rate of change (dE) in the 
deviation (E) Is greater than a predetermined 
value (dEO) and the yaw rate feedback control 
means (30) is adapted for controlling the rear 
wheels (3) under other conditions. 

6. A rear wheel steering system for a vehicle in 
accordance with Claim 1 further comprising a 
third rear wheel steering angle control means 
adapted for controlling the steering angle (Xr) 
of the rear wheels (3) based on a control mode 
different from those of the yaw rate feedback 
control means (30) and the second rear wheel 
steering angle control means, and the control 
mode selection means (33) being adapted for 
causing the second rear wheel steering angle 
control means to control the steering angle (Xr) 
of the rear wheels (3) when the vehicle Is 
turning with a turning radius smaller than the 
first predetermined turning radius but greater 
than a second predetermined turning radius 
and causing the third rear wheels steering an- 
gle control means to control the steering angle 
(Xr) of the rear wheels (3) when the vehicle Is 
turning with a turning radius equal to or smaller 
than the second predetermined turning radius. 

7. A rear wheels steering system for a vehicle in 
accordance with Claim 6 further comprising 
side slip angle calculating means (34) for es- 
timating a side slip angle (z) of the vehicle, the 
second rear wheel steering angle control 



means being constituted as a side slip angle 
control means (31) adapted for controlling the 
steering angle (Xr) of the rear wheels (3) to 
decrease an absolute value of the estimated 

5 side slip angle (z) calculated by the side slip 

angle calculating means (31) and the third rear 
wheel steering angle control means being con- 
stituted as a fuzzy control means (32) adapted 
for controlling the steering angle (Xr) of the 

10 rear wheels (3) based on fuzzy control to de- 

crease an absolute value of a rate of change 
(dY) in the detected yaw rate (Y). 

8. A rear wheel steering system for a vehicle in 
75 accordance with Claim 7 wherein the fuzzy 

control means (32) is adapted for controlling 
the rear wheels (3) based on a deviation (E) 
between the target yaw rate (Yo) and the de- 
tected yaw rate (Y) and/or a rate of change 
20 (dE) in the deviation (E) to decrease an ab- 

solute value of the rate of change (dY) in the 
detected yaw rate (Y). 

9. A rear wheel steering system for a vehicle in 
25 accordance with Claim 7 or 8 wherein the 

fuzzy control means (32) is adapted for con- 
trolling the rear wheels (3) when an absolute 
value of the deviation (E) between the target 
yaw rate (Yo) and the detected yaw rate (Y) is 
30 greater than a predetermined value (EO) and/or 

an absolute value of the rate of change (dE) in 
the deviation (E) is greater than a predeter- 
mined value (dEO). 

35 10. A rear wheel steering system for a vehicle, in 
accordance with Claim 1 wherein the control 
mode selection means (33) causes the yaw 
rate feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when, 

40 during control of the steering angle (Xr) of the 

rear wheels (3) by the second rear wheel 
steering angle control means, an absolute val- 
ue of the detected yaw rate (Y) begins to 
increase and goes over its peak value. 

45 

11. A rear wheel steering system for a vehicle in 
accordance with Claim 2 wherein the control 
mode selection means (33) causes the yaw 
rate feedback control means (30) to control the 

50 steering angle (Xr) of the rear wheels (3) when, 

during control of the steering angle (Xr) of the 
rear wheels (3) by the side slip angle control 
means (31), an absolute value of the detected 
yaw rate (Y) begins to increase and goes over 

55 its peak value. 

12. A rear wheel steering system for a vehicle in 
accordance with Claim 3 wherein the control 
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mode selection means (33) causes the yaw 
rate feedback control means to control the 
steering angle (Xr) of the rear wheels (3) when, 
during control of the steering angle (Xr) of the 
rear wheels (3) by the fuzzy control means 
(32), an absolute value of the detected yaw 
rate (Y) begins to increase and goes over its 
peak value. 

13. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 wherein the 
control mode selection means (33) causes the 
yaw rate feedback control means (30) to con- 
trol the steering angle (Xr) of the rear wheels 
(3) when, during control of the steering angle 
(Xr) of the rear wheels (3) by a control means 
for controlling the steering angle (Xr) of the 
rear wheels (3) other than the yaw rate feed 
back, an absolute value of the detected yaw 
rate (Y) begins to increase and goes over Its 
peak value. 

14. A rear wheel steering system for a vehicle in 
accordance with Clainn 1 further comprising 
steering angle detecting means for detecting a 
steering angle of a steering wheel (1) and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle (Xr) of the rear wheels (3) when during 
control of the steering angle (Xr) of the rear 
wheels (3) by the second rear wheel steering 
angle control means, an absolute value of the 
detected yaw rate (Y) begins to increase and 
goes over its peak value and a sign of a rate of 
change in the steering angle of the steering 
wheel detected by the steering angle detecting 
means changes. 

15. A rear wheel steering, system for a vehicle in 
accordance with Claim 2 further comprising 
steering angle detecting means for detecting a 
steering angle of a steering wheel (1) and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle (Xr) of 'the- rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 
wheels (3) by the side slip angle control means 
(31). an absolute value of the detected yaw 
rate (Y) begins to increase and goes over its 
peak value and a sign of a rale of change in 
the steering angle of the steering wheel de- 
tected by the steering angle detecting means 
changes. 

16. A rear wheel steering system for a vehicle in 
accordance with Claim 3 further comprising 



steering angle detecting means for detecting a 
steering angle of a steering wheel (1) and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 

5 control means (30) to control the steering an- 

gle (Xr) of the rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 
wheels (3) by the fuzzy control means (32), an 
absolute value of the detected yaw rate (Y) 

TO begins to increase and goes over its peak 

value and a sign of a rate of change in the 
steering angle of the steering wheel detected 
by the steering angle detecting means 
changes. 

;5 

17. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 further compris- 
ing steering angle detecting means for detect- 
ing a steering angle of a steering wheel and " 

20 the control mode selection means (33) being 

adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle (Xr) of the rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 

25 wheels (3) by a control means for controlling 

the steering angle (Xr) of the rear wheels (3) 
other than the yaw rate feedback control 
means (30), an absolute value of the detected 
yaw rate (Y) begins to increase and goes over 

30 its peak value and a sign of a rate of change in 

the steering angle of the steering wheel de- 
tected by the steering angle detecting means 
changes. 

35 18. A rear wheel steering system for a vehicle in 
accordance with Claim 1 wherein the control 
mode selection means (33) causes the yaw 
rate feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when, 

40 during control of the steering angle (Xr) of the 

rear wheels (3) by the second rear wheel 
steering angle control means, an absolute val- 
ue of a deviation (E) between the detected yaw 
rate (Y) and the target yaw rate begins (Yo) to 

45 decrease. 

19. A rear wheel steering system for a v^icle in 
. accordance with Claim 2 wherein the control 

mode selection means (33) causes the yaw 
50 rate feedback control means (30) to control the 

steering angle (Xr) of the rear wheels (3) when, 
during control of the steering angle (Xr) of the 
rear wheels (3) by the side slip angle control 
means' (31), an absolute value of a deviation 
55 (E) between the detected yaw rate (Y) and the 

target yaw rale (Yo) begins to decrease. 

20. A rear wheel steering system for a vehicle in 
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accordance with Claim 3 wherein the control 
mode selection means (33) causes the yaw 
rate feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when, 
during control of the steering angle (Xr) of the 
rear wheels (3) by the fuzzy control means 
(32), an absolute value of a deviation (E) be- 
tween the detected yaw rate (Y) and the teirget 
yaw rate (Yo) begins to decrease. 

21. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 wherein the 
control mode selection means (33) causes the 
yaw rate feedback control means (30) to con- 
trol the steering angle (Xr) of the rear wheels 
(3) when, during control of the steering angle 
(Xr) of the rear wheels (3) by a control means 
for controlling the steering angle (Xr) of the 
rear wheels (3) other than the yaw rate feed- 
back control means (30), an absolute value of 
a deviation (E) between the detected yaw rate 
(Y) and the target yaw rate (Yo) begins to 
decrease. 

22. A rear wheel steering system for a vehicle in 
accordance with Claim 1 wherein in changing 
the control means for controlling the steering 
angle (Xr) of the rear wheels (3) between the 
yaw rate feedback control means .(30) and the 
second rear wheel steering angle control 
means, the control means determines whether 
or not an amount of chiange in the steering 
angle (Xr) of the rear wheels (3) is greater than 
a predetermined limit value and when it is, 
controls the steering angle (Xr) of the rear 
wheels (3) so that the amount of change in the 
steering angle (Xr) of the rear wheels (3) is 
made equal to the predetermined limit value. 

23. A rear wheel steering system for a vehicle in 
accordance with Claim 2 wherein in changing 
the control means for controlling the steering 
angle (Xr) of the rear wheels (3) between the 
yaw rate feedback control means (30) and the 
side slip angle control means (31), the control 
means determines whether or not an amount 
of change in the steering angle (Xr) of the rear 
wheels • (3) is greater than a predetermined 
limit value and when it is, controls the steering 
angle (Xr) of the rear wheels (3) so that the 
amount of change in the steering angle (Xr) of 
the rear wheels (3) is made equal to the pre- 
determined limit value. 

24. A rear wheel steering system for a vehicle in 
accordance with Claim 3 wherein in changing 
the control means for controlling the. steering 
angle (Xr) of the rear wheels (3) between the 



yaw rate feedback control means (30) and the 
fuzzy control means (32), the control means 
determines whether or not an amount of 
change in the steering angle (Xr) of the rear 

5 wheels (3) is greater than a predetermined 

limit value and when it is, controls the steering 
angle (Xr) of the rear wheels (3) so that the 
amount of change in the steering angle (Xr) of 
the rear wheels (3) is made equal to the pre- 

10 determined limit value. 

25. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 wherein in 
changing the control means for controlling the 

15 steering angle (Xr) of the rear wheels (3) be- 

tween the yaw rate feedback control means 
(30) and the other control means for controlling 
the steering angle (Xr) of the rear wheels (3) 
the control means determines. whether or not 

20 an amount of change in the steering angle (Xr) 

of the rear wheels (3) is greater than a pre- 
determined limit value and when it is. controls 
the steering angle (Xr) of the rear wheels (3) 
so that the amount of change in the steering 

25 angle (Xr) of the rear wheels (3) is made equal 

to the predetermined limit value. 

26. A rear wheel steering system for a vehicle in 
accordance with Claims 22 to 25 further com- 

30 prising lateral acceleration detecting means for 

detecting a lateral acceleration (GL) and the 
predetermined limit value being increased as 
an absolute value of the lateral acceleration 
(GL) detected by the lateral acceleration de- 

35 tecting means increases. 

27. A rear wheel steering system for a vehicle in 
accordance with Claims 22 to 25 further com- 
prising road surface friction coefficient detect- 

40 ing means for detecting a road surface friction 

coefficient, and the predetermined limit value 
being increased as the road surface friction 
coefficient decreases. 

45 28. A rear wheel steering system for a vehicle in 
accordance with Claims 22 to 25 further com- 
prising steering angle detecting means for de- 
tecting a steering angle of a steering wheel, 
and the predetermined limit value being in- 

50 creased as an absolute value of a rate of 

change in the steering angle detiected by the 
steering angle detecting means increases. 

29. A rear wheel steering system for a vehicle in 
55 accordance with Claim 25 wherein the pre- 

determined limit value used when the control 
means for controlling the steering angle (Xr) of 
the rear wheels (3) is to be changed from^the 
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yaw rate feedback control means (30) to the 
side slip angle control means (31) is set small- 
er than the predetermined limit value used 
when the control means is to be changed 
between other control means. 

30. A rear wheel steering system for a vehicle in 
accordance with Claims 1 to 3 and 7 to 9 
further comprising steering rate restricting 
means adapted for restricting a steering rate of 
the rear wheels (3) so as to steer the rear 
wheels (3) at a steering rate lower than a 
steering rate calculated by the yaw rate feed- 
back control means (30). when, during in- 
crease of an absolute value of the detected 
yaw rate (Y)..an absolute value of a deviation 
(E) between the detected yaw rate (Y) and the 
target yaw rate (Yo) exceeds a predetermined 
value. 

31. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 wherein further 
comprising steering angle detecting means for 
detecting a steering angle of a steering wheel 
and steering angle restricting means (35) 
adapted for restricting a steering rate of the 
rear wheels (3) so as to steer the rear wheels 
(3) at a steering rate lower than a steering rate 
calculated by the control means selected by 
the control mode selection means (33) when, 
during increase of an absolute value of the 
detected yaw rate (Y) after a change in a sign 
of a rate of change in the steering angle de- 
tected by the steering angle detecting means, 
an absolute value of a deviation (E) between 
the detected yaw rate (Y) and the target yaw 
rate (Yo) exceeds a predetermined value. 

32. A rear wheel steering system for a vehicle in 
accordance with Claims 30 and 31 wherein the 
steering angle restricting means (35) stops re- 
stricting the steering rate and the control mode 
selection means (33) causes the yaw rate 
feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when 
the absolute value of the deviation (E) between 
the detected yaw rate (Y) and the target yaw 
rate (Yo) begins to decrease. 

33. A rear wheel steering system for a Vehicle in 
accordance with Claims 1 to 3 and 7 to 9 
further compi'ising steering angle restricting 
means (35) adapted for restricting the steering 
angle (Xr) of the rear wheels (3) so that an 
amount of steering of the rear wheels (3) be- 
comes maximum to decrease an absolute val- 
ue of the detected yaw rate (Y) when, during 
increase of an absolute value of the detected 



yaw rate (Y), an absolute value of a deviation 
(E) between the detected yaw rate (Y) and the 
target yaw rated (Yo) exceeds a predetermined 
value and an absolute value of a rate of 
5 change (dE) in the deviation (E) exceeds a 

predetermined value (dEO). 

34. A rear wheel steering system for a vehicle in 
accordance with Claims 1 to 3 and 7 to 9 

10 further comprising steering angle detecting 

means for detecting a steering angle of a 
steering wheel (1) and steering angle restrict- 
ing means (35) adapted for restricting the 
steering angle (Xr) of the rear wheels (3) so 

75 that an amount of steering the rear wheels (3) 

becomes maximum to decrease an absolute 
value of the detected yaw rate (Y) when, dur- 
ing increase of an absolute value of the de- 
tected yaw rate (Y) after a change in a sign of 

20 a rate of change in the steering angle detected 

by the steering angle detecting means, an 
absolute value of a deviation (E) between the 
detected yaw rate (Y) and the target yaw rate 
(Yo) exceeds a predetermined value. 

25 

35. A rear wheel steering system for a vehicle in 
accordance with Claims 33 and 34 wherein the 
steering angle restricting means (35) stops re- 
stricting the steering rate and the control mode 

30 selection means (33) causes the yaw rate 

feedback control means (30) to control the 
steering angle (Xr) of the rear wheels (3) when 
the absolute value of the deviation (E) between 
the detected yaw rate (Y) and the target yaw 

35 rate (Yo) begins to decrease. 

36. A rear wheel steering system for a vehicle in 
accordance with Claims 3, 4 and 7 to 9 further 
comprising function correcting means for cor- 

40 recting a membership function of the fuzzy 

control means (32) In accordance with a road 
surface condition. 

37. A rear wheel steering system for a vehicle in 
45 accordance with Claim 36 further comprising 

road surface friction coefficient detecting 
.. means for detecting a road surface friction 
* coefficient, and the function correcting, means 
being adapted for correcting the membership 

50 function of the fuzzy control means (32) so that 

an absolute value of the steering angle (Xr) of 
the rear wheels (3) increases as the road sur- 
face friction coefficient ^ detected by the road 
surface friction coefficient detecting means in- 

55 creases. 

3a A rear wheel steering system for a vehicle in 
accordance with Claim 36 further comprising 



51 



101 



EP 0 510 365 A2 



102 



lateral acceleration detecting means for detect- 
ing a lateral acceleration (GL), and the function 
correcting means being adapted for correcting 
the membership function of the fuzzy control 
means (32) so that an absolute value of the 
steering angle (Xr) of the rear wheels (3) in- 
creases as the lateral acceleration (GL) de- 
tected by the lateral acceleration detecting 
means decreases. 

39. A rear wheel steering system for a vehicle in 
accordance with Claims 2 and 7 to 9 wherein 
the control mode selection means (33) is con- 
stituted so that even wlien the steering angle 
(Xr) of the rear wheels (3) is to be controlled 
by the side slip angle control means (31), it 
prevents the side slip angle control means 
(31) from controlling the steering angle (Xr) of 
the rear wheels (3) until the steering angle (Xr) 
calculated by the side slip angle control means 
(31) becomes equal to or greater than the 
steering angle (Xr) of the rear wheels (3) cal- 
culated by the yaw rate feedback control 
means (30). 

40. A rear wheel steering system for a vehicle in 
accordance with Claims 2 and 7 to 9 wherein 
the control mode selection means (33) is con- 
stituted so that when the steering angle (Xr) of 
the rear wheels (3) which has been controlled 
by the yaw rate feedback control nneans (30)' 
so far is controlled by the side slip angle 
control means (31), it causes the side slip 
angle control means (31) to start controlling the 
steering angle (Xr) of the rear wheels (3) using 
the steering angle (Xr) of the rear wheels (3) 
calculated by the yaw rate feedback control 
means (30) as an initial value. 

41. A rear wheel steering system for a vehicle in 
accordance with Claim 40 further comprising a 
vehicle rate sensor/vehicle speed sensor (40) 

■ for detecting a vehicle rate/vehicle speed (V) 
and a lateral acceleration sensor (43) for de- 
tecting a lateral acceleration (GL). and wherein 
in changing the control means for controlling 
the steering angle (Xr) of the rear wheels (3) 
from the yaw rate feedback control means (30) 
to the side slip angle control means (31). the 
side slip angle control means (31) deternriines 
whether or not the vehicle rate/vehicle speed 
(V) detected by the vehicle rate sensor/vehicle 
speed sensor (40) is greater than a predeter- 
mined value and the lateral acceleration (GL) 
detected by the lateral acceleration sensor (43) 
is greater than a predetern:iined value, and, if 
they are not, controls the steering angle (Xr) of 
the rear wheels (3) so as to make it equal to 



the steering angle (Xr) of the rear wheels (3) 
calculated by the yaw rate feedback control 
means (30). 

5 42. A rear wheel steering system for a vehicle in 
accordance with Claims 2 and 7 to 9 further 
comprising control value correcting means (38) 
adapted for correcting an absolute value of the 
steering angle (Xr) of the rear wheels (3) cal- 

10 culated by the side slip angle control means 

(31) so as to make it greater when an absolute 
value of a rate of change in the side slip angle 
(z) calculated by the side slip angle calculating 
means (34) is equal to or greater than a pre- 

/5 determined value (zO) and a sign of the rate of 

change in the side slip angle (z) is the same 
as that of the calculated side slip angle (z). 

43. A rear wheel steering system for a vehicle In 
20 accordance with Claim 42 further comprising 

steering angle detecting means for detecting a 
steering angle of a steering wheel, and the 
control value correcting means (38) t>eing 
adapted for correcting the absolute value of 

25 the steering angle (Xr) of the rear wheels (3) 

calculated by the side slip angle control means 
(31 ) so as to become greater when an absolute 
value of a rate of change in the steering angle 
detected by the steering angle sensor (41) is 

30 not greater than a predetermined value, the 

absolute value of the rate of change in the side 
slip angle (z) calculated by the side slip angle 
calculating means (34) is equal to or greater 
than a predetermined value and the sign of the 

35 rate of change in the side slip angle (z) is the 

same as that of the calculated side slip angle 
(2). 

44. A rear wheel steering system for a vehicle in 
40 accordance with Claim 1 further comprising 

steering angle detecting means for detecting a 
steering angle of a . steering wheel, and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 

45 control means (30) to control the steering an- 

gle (Xr) of the rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 
wheels (3) by the second rear wheel steering 
angle control means, the steering wheel (1) 

50 once turned In one direction has been turned 

in the other direction and an absolute value of 
a difference between the steering angle (Xr) of 
the rear wheels (3) calculated by the second 
rear wheel steering angle control means and 

55 that calculated by the yaw rate feedback con- 

trol means (30) has become equal to or small- 
er than a predetermined value. 
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45. A rear wheel steering system for a vehicle in 
accordance with Claim 2 further comprising 
steering angle detecting means for detecting a 
steering angle of a steering wheel, and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle (Xr) of the rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 
wheels (3) by the side slip angle control means 
(31). the steering wheel (1) once turned in one 
direction has been turned in the other direction 
and an absolute value of a difference between 
the steering angle (Xr) of the rear wheels (3) 
calculated by the side slip angle control means 
(31) and that calculated by the yaw rate feed- 
back control means (30) has become equal to 
or smaller than a predetermined value. 

46. A rear wheel steering system for a vehicle in 
accordance with Claim 3 further comprising 
steering angle detecting means for detecting a 
steering angle of a steering wheel, and the 
control mode selection means (33) being 
adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle of the rear wheels when, during control of 
the steering angle (Xr) of the rear wheels (3) 
by the fuzzy control means (32), the steering 
wheel (1) once turned in one direction has 
been turned in the other direction and an ab- 
solute value of a difference between the steer- 
ing angle (Xr) of the rear wheels (3) calculated 
by the fuzzy control means (32) and that cal- 
culated by the yaw rate feedback control 
means (30) has become equal to or smaller 
than a predetermined value. 

47. A rear wheel steering system for a vehicle in 
accordance with Claims 7 to 9 further compris- 
ing steering angle detecting means for detect- 
ing a steering angle of a steering wheel, and 
the control mode selection means (33) being 
adapted for causing the yaw rate feedback 
control means (30) to control the steering an- 
gle (Xr) of the rear wheels (3) when, during 
control of the steering angle (Xr) of the rear 
wheels (3) by a> control means for controlling 
the steering angle (Xr) of the rear wheels (3) 
other than the yaw rate feedback control 
means (30). the steering wheel (1) once turned 
in one direction has been turned in the other 
direction and an absolute value of a difference 
between the steering angle (Xr) of the rear 
wheels (3) calculated by the control means 
other than the yaw rate feedback control 
means (30) and that calculated by the yaw rate 
feedback control means (30) has become 



equal to or smaller than a predetermined val- 
ue. 

48. A rear wheel steering system for a vehicle in 
5 accordance with Claims 44 to 47 wherein the 

predetermined value is increased as an ab- 
solute value of a rate of change in the steering 
angle (Xr) detected by the steering angle de- 
tecting means increases. 
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@ A rear wheel steering system for a vehicle in- 
cluding a yaw rate sensor for detecting the yaw rate 
of the vehicle and yaw rate feedback controller for 
controlling a steering angle of rear wheels so that a 
yaw rate detected by the yaw rate sensor is made 
equal to a target yaw rate, the rear wheel steering 
system further including a side slip angle calculator 
for estimating a side slip angle of the vehicle, a side 
slip angle controller for controlling the steering angle 
of the rear wheels to decrease an absolute value of 
the estimated side slip angle calculated by the side 
slip angle calculator and a fuzzy controller for con- 
trolling the steering angle of the rear wheels based 
on fuzzy control to decrease an absolute value of a 
rate of change in the detected yaw rate. This rear 
wheel steering system can control the steering angle 
of the rear wheels in a desired manner even when 
the lateral acceleration is high and the vehicle is 
turning sharply, and can improve driving stability. 
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